1 POLYPEPTI DES HAVI NG ANTI M CROBI AL ACTI VI TY AND POLYNUCLEOTI DES ENCODI NG
SAME FIELD OF THE I NVENTION 5 The present invention relates to isol ated
pol ypepti des having antimcrobial activity and isolated pol ynucl eoti des
encodi ng the pol ypeptides. The inventtion also relates to nucleic acid
constructs, vectors, and host cells conprising the polynucl eotides as well
as nethods for prodpgl RpEeThEsHAYING ANIPMGRPBIAIEACTIIMBACKGROUND OF THE
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reduced henolytic activity and/or reduced cytotoxicity. The pol ypepti des
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SUMMARY OF THE INVENTION
The present invention provides a polypeptide having antimicrobial activity which
comprises, preferably consists of, an amino acid sequence which has at least 80% identity with
20 amino acids 1 to 40 of the amino acid sequence:
G-X~G-C-Xo-Xg-X 4-X5-Xg-X7-Xg-Xg-X10-X11-C-H-X12-K13-C-Ky4-X15-X - X4 7-X1g-X19-Koo-G-G-Xa1 -
C-Xoz-Xo5-Xza-Xas-Kog-Xa7-C-Xog-C-Xog;
wherein
Xs=F,L, Worl preferably X = F;
25 X.=N,R,QV, G S AKLMDHorY,; preferably X =N, R, Q,V, G, 5, A KorY;
X3= G, R, Aor K; preferably X3 =G;
Xa=P, A LV, KorR; preferably X, =P, Kor R;
Xs=WorR;
X=D,A G K LT,NFHMPQSC IR VorY,; preferably Xe =D, A, G, K, L, TN, F,
30 HMPQ S, Vory,;
X;=E G AL C QorS; preferably X; =E, G or 5;
Xe=D,F,G,N,V,Y,H KL PSTW,IMA, CorR; preferably Xe = D, F, G, N, V, Y, H, K,
LLP,ST,WI MorR;
Xg = D or P; preferably X; = D,
35 Xo=MR,S,V,AFGLTY,WEorK preferably X;0 =M, R, 8, V,G Y,LLF, T, WorK;
Xt =Q,RLF GHSACILKMP,TV,WorY; preferably X;; = Q, R, LLF, G, H, 5, K
ory;



X13 =H A F, Q T, Vor L; preferably X13 = Hor L; X14 = K Qor R
preferably X14 = Kor R X155 =S, A V, Nor F;, 5 X116 =1, L, M T, Wor V,
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The present invention also relates to methods for producing such polypeptides having
antimicrobial activity comprising (a) cultivating a recombinant host cell comprising a nucleic
acid construct comprising a polynucleotide encoding the polypeptide under conditions

25 conducive for production of the polypeptide; and (b) recovering the polypeptide.
The present invention also relates to methods of using the polypeptides of the invention.

DEFINITIONS
Antimicrobial aciivity: The term “antimicrobial activity” is defined herein as an activity
30 which is capable of killing or inhibiting growth of microbial cells. In the context of the present
invention the term “antimicrobial” is intended to mean that there is a bactericidal and/or a
bacteriostatic and/or fungicidal andfor fungistatic effect and/or a virucidal effect, wherein the
term "bactericidai" is to be understood as capable of killing bacterial cells. The term
"bacteriostatic” is to be understood as capable of inhibiting bacterial growth, i.e. inhibiting
35 growing bacterial cells. The term "fungicidal” is to be understood as capable of killing fungal
cells. The term “fungistatic" is to be understood as capable of inhibiting fungal growth, i.e.
inhibiting growing fungal cells. The term "virucidal" is to be understood as capable of



In the context of the present invention the term"inhibiting growth of
mcrobial cells" is intended to nean that the cells are in the non-grow ng

state, i.e., that they are not able to propagate. 5 For purposes of the
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most preferably after 1 hour, and in particular after 30 minutes) incubation at 20°C in an
agueous solution of 25%{w/w); preferably in an agueous solution of 10%(w/w); more preferably
in an aqueous solution of 5%(w/w); even more preferably in an aquecus solution of 1%(w/w);
30 most preferably in an aqueous solution of 0.5%{w/w); and in particular in an aqueous solution
of 0.1%{w/fw) of the polypeptides having antimicrobial activity.

Polypeptides having antimicrobial activity may also be capable of inhibiting the outgrowth
of Bacillus sublilis (ATCC 6633) for 24 hours at 25°C in a microbial growth substrate, when
added in a concentration of 1000 ppm; preferably when added in a concentration of 500 ppm;

35 more preferably when added in a conceniration of 250 ppm; even more preferably when added
in a concentration of 100 ppm; most preferably when added in a concerttration of 50 ppm; and

in particular when added in a concentration of 25 ppm.



The pol ypeptides of the present invention have at |east 20% preferably at

| east 40% nore preferably-at |east 50% nore preferably at | east 60% nore
preferably at |east 70% nore preferably at |east 80% even nore
preferably at |east 90% nost preferably at |east 95% and even nost ' :
preferably at |east 100% of the antim crobial activity of the pol ypeptide 5
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resit dues, preéeraM G’efﬂqsir’ﬁfanmresﬁ?&%ﬁatIlﬁéfﬁlgsifﬁ_etsc%rd'mmmd‘rﬂhQiefeﬁh&;ﬁfr esroagés?brﬂn@r 6
cysteine _residues, and. nos referaply 6 cysteine r : e . nsi ns
may al s%%&%ﬂnﬁﬁ@ﬂ?'&%@f e%@'?rﬁgo ﬁlﬁ%”%'@ {BrEoEHAT 48t EM@ Pe I‘.’]'nge%%forany
of 1fshe edignpeRnshas@esessida RyarmHm@y10f Bukhsidefropsi ner i"'Defedisia, phipeptde not
5o i o, SV BB . Bt
and thepgehzmgi ns di sclosed in PCT applications WO 99/53053, WO 02/06324,
000155, 30118 GBS TaRY FEBTPoB: PP RSP Gzt e opBP T o5S (e
Iher eit n4g$9't336§feh§n aias@QIha'?QQétigFl@rtWt@blc@déf?nﬁg 853@@; oR2(Bopiart eefepsiafoe][sabl %l at t
eas 0 pure, re. pr rably at. | eas 0 pure,. even r refer y a
| edBt 80% pli & AL EP BN 26 BAPNF00% PN AFCOREh i nverton
ol YpeDE L T ot - aUbeEant ALy e pol Apenti a6 dapotes. 38 herern a
pol y i de: 'su i u | . [
pol ypepfi aB'VQﬂ@aWF@W%?’@W%@W gféﬁgprgfer%g%g C!%%neﬁ?sé(?ﬁsabl y at nost 8%
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25 Examples of such defensins include, but are not limited to, a-Defensin HNP-1 (human

By a

neutrophil peptide) HNP-2 and HNP-3; B-Defensin-12, Drosomycin, Heliomicin, y1-purothionin,
Insect defensin A, and the defensins disclosed in PCT applications WO 99/53053, WO
02/06324, WO  02/085934, PCT/DK2005/000725, PCT/DK2005/000735  and
PCT/DK2006/000155.
30 Isolated polypsptide: The term “isolated polypeptide” as used herein refers to a
polypeptide which is at least 20% pure, preferably at least 40% pure, more preferably at least
60% pure, even more preferably at least 80% pure, most preferably at least 90% pure, and
even most preferably at least 95% pure, as determined by SDS-PAGE.
Substantially pure polypeptide: The term “substantially pure polypeplide” denotes
35 herein a polypeptide preparation which contains at most 10%, preferably at most 8%, more
preferably at most 6%, more preferably at most 5%, more preferably at most 4%, at most 3%,
even more preferably at most 2%, most preferably at most 1%, and even most preferably at



5 nost 0.5% by wei ght of other polypeptide material with which it is
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(Thompson, J.D., Higgins, D.G. and Gibson, T.J., 1994, CLUSTAL W: Improving the sensitivity
of progressive multiple sequence alignment through sequence weighting, positions-specific
gap penalties and weight matrix choice, Nucleic Acids Research 22: 4573-4680). Multiple

30 alignments of DNA sequences may be done using the protein alignment as a template,
replacing the amino acids with the corresponding codon from the DNA seguence.

Pairwise sequence comparison algorithms in common use are adequale to detect
similarities betwsen protein sequences that have not diverged beyond the point of
approximately 20-30% sequernce identity (Doolittle, 1892, Protein Sci. 1: 191-200; Brenner ef

35 al., 1998, Proc. Natl. Acad. Sci. USA 95, 6073-6078). However, truly homologous proteins
with the same fold and similar biological funiction have often diverged to the point where
traditional sequence-based comparison fails to detect their relationship (Lindaht and Elofsson,



traditi onal sequence-based conparison fails to detect their relationship
(Li ndahl and El of sson, 6- 2000, J. Mdl. Biol. 295: 613-615). Geater
sensitivity in sequence-based searching can be attained using search
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For an amino acid substitution, the fotiowing nomenclature is used: Original amino acid,

position, substituted amino acid(s). Accordingly, the substitution of threonine with alanine at
position 226 is designated as “T228A"; and substitution of tyrosine with tyrosine and arginine at
30 position 40 (effectively adding arginine after tyrosine) is designated as “Y40YR". Multiple
mutations are separated by addition marks ("), e.g., “G205R + 8411F", represeniing
mutations at positions 205 and 411 substituting glycine (G) with arginine (R), and serine (S)

with phenylalanine (F), respectively.
Parent antimicrobial polypeptide: The term “parent” antimicrobial polypeptide as used
35 herein means an antimicrobial polypeptide to which modifications, e.g., substitution(s),
insertion{s), deletion{s), andfor truncation(s), are made to produce the aniimicrobial
polypeptide variants of the present invention. This term also refers to the polypeptide with



insertion(s), deletion(s), and/or truncation(s), are nade to produce the
antimcrobial polypeptide variants of the present invention. This term
al so refers to the pol ypeptide with 7 which a variant is conpared and

al i gned. The ‘parent may be a naturall?y occurring (W ld type) polypeptide,
or it my even be a variant thereof, prepared by any suitable nmeans. For
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r n 2.8.0. The Nee ogram i ene
21 gor ¢ GBLERR G e BLap VB, 4 s STl Buh 05 8 BRon B TRl g,
Bi Oisl. t 48, 442@ ﬂéﬁrge'ﬂﬁmg:u?ﬁemwri oo rrrintebtiqke mxgnbgsrs iBloeRidvb L:csg_@ﬁhep_emeng
ena S . a ap _ext.ensi on, pena is 0.5, e r [ .
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Chconace WoraBe AT Bk e hERT Sk yAeg R M ey B 18
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B, ook b0 b4 Y et ubB RSB0 SRR, S50, ane
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and/ or @afitoxgit sbquatica us theofreSEQINVBNIND Guoh aa atmphadgs 3o $8 i SR NEX. Bof |,
e e st DAL By BB RAGE N, Bl AL o g B s
25 alignment of the two sequences, divided by the length (number of amino acid residues) of the
sequence of the present invention; or alternatively the output of Needle labeled “longest
identity” is used as the percent identity and is calculated as follows: (ldentical Residues x
100)/(Length of Alignment - Number of Gaps in Alignment). The result is expressed in percent
identity.
30 Polypeptide Fragment: The term “polypeptide fragment” is defined herein as a
polypeptide having one or more amino acids deleted from the amino and/or carboxyl terminus
of SEQ ID NO:2 or a homologous sequence thereof, wherein the fragment has antimicrobial
activity.
Subseguence: The term “subsequence” is defined herein as a nucleolide sequence
35 having one or more nuclectides deleted from the 5' and/or 3' end of SEQ ID NO:1 or a
homologous sequence thereof, wherein the subsequence encodes a polypeptide fragment

having antimicrobial activity.



35 having one or nore nucleotides deleted fromthe 5 and/or 3' end of SEQ
ID NO.1 or a honol ogous sequence thereof, wherein the subsequéence encodes
a polypeptide fragnent having antimcrobial activity. 8 . Alelic variant:
The term"allelic variant™ denotes hé&rein any of two or nore alternative
forms of a gene occupying the sane chronosomal [ocus. Allelic variation
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enom c em synt het i nthetic
oridin PBW“%?O"@Sﬁtﬁfn@ﬁHﬁge’lth‘BY%‘P" YENE ef"f"f@y t"ér%s“é%ﬁw‘a(ﬁyspéﬁfgﬁ%d In
herein %&rﬁéul@l\mﬁ r@lp%wk@ Whit ahe @awnb@efmd@@ctr@ﬁbsl@u hgrameazrsant‘bam:eawbumw
froma naty | e obtained fr
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origin, or any combinations thereof.
cDMA: The term "cDNA" is defined herein as a DNA molecule which can be prepared by
reverse transcription from a mature, spliced, mRNA molecule obtained from a eukaryotic cell.
cDNA lacks intron sequences that are usually present in the corresponding genomic DNA. The
30 initial, primary RNA transcript is a precursor to mRNA which is processed through a series of
steps before appearing as mature spliced mRNA. These steps include the removal of intron
sequences by a process called splicing. ¢cDNA derived from mRNA lacks, therefore, any intron
sequences.

An

Nucleic acid construgl: The term "nucleic acid construct” as used herein refers to a
35 nucleic acid molecule, either single- or double-stranded, which s isolated from a naturally
occurring gene or which is modified to contain segments of nucleic acids in a manner that

would not otherwise exist in nature. The term nucleic acid construct is synonymous with the



Nucl eic acid construct: The term "nucleic acid construct” as used herein
refers to-a 35 nucleic acid nolecule, either single- or double-stranded,
which is isolated froma naturally occurring gene -or which is nodified to
contain segnent's of nucleic acids in% manner that would-not otherw se
exist in nature. The termnucleic acid construct is synonynous with the 9
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reading frame, which 20 usually begins with the ATG start codon or

al t er naPPYENSe 8F 8 PeRAIesuch as GIG and TTG  The codi ng sequence may a
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nodi fi cati on and secre ssion vector: The te lﬁﬁg SIL‘IQ&
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corrpr | Sqfe %o@!ﬁ%%é&@n@@HaQ% BRECSHNI o re@mHept hd@edlietsBguérveent i on, and
which is opera | i nked to_additional nucleotides that provide f or
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transductl on, and t ke with a nucleic acid 0 construct conprising a

pol ynucF"é‘B%’ﬁ*ﬂ@s B@OtttWQS’E?@B?éﬂ’Pdifﬁ@t&‘?t ARFHSEQRIG i cati on: The term
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consi sting of amno acids Ito 40 anyone of SEQID NO 2 to SEQ I D NO, 225
or DNA molecule that comprises a poiynuc!eotide encoding a polypeptide of the invention, and
which is operably linked to additional nucleotides that provide for its expression.

Host celi: The term "host cell”, as used herein, includes any cell type which is
susceptible to transformation, transfection, transduction, and the like with a nucleic acid

30 construct comprising a polynucleotide of the present invention.

Modification: The term “modification” means herein any chemical modification of the
polypeptide consisting of amino acids 1 to 40 of anyone of SEQ ID NO:2 to SEQ ID NO: 225 or
anyone of SEQ 1D NO:226 t¢ SEQ 1D NO:251 or anyone of SEQ 1D NO:252 to SEQ ID NO:274
as well as genetic manipulation of the DNA encoding that polypeptide. The modification(s) can

35 be substitution(s), deletion{s) andfor insertions(s) of the aminc acid(s) as well as
replacement(s) of amino acid side chain(s); or use of unnatural amino acids with similar

characteristics in the amino acid sequence. In particular the modification(s) can be amidations,



anyone of SEQ ID NO 226 to SEQ I D NO 251 or anyone of SEQ ID NO 252 to SEQ
I D NO 274 as well as genetic-manipul ation of the DNA encodi ng that ,
pol ypepti de. The nodification(s) can 35 be substitution(s), deletion(s)-
and/or insertions(s) of the am no aci@(s) as well as replacenent(s) of
am no acid side chain(s); or use of unnatural amino acids with simlar

char act gtB b 6sidaliod bERa-famiaGs d sequence. I n particular the
nmodi fication(s) can be amidations, 10 such as am dation of the Ctermnus.
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|, R VQ)?Q @—Cﬁﬁzéﬁ’aéﬁq%’r)&s )§(Q<8~Xg|§(m~ 11 Q—},H Km* 13"Cﬂx141¥15-]f15-x11—"|x18ﬁf19 20-@-G§21 V or

Y; nore queherably X6 & X ch Gor N X7 =E G A L, C Qor S
preferablz% 59,253@527 56_%': GNVYHKTLTPST WI,

MACV\&BfﬁmpreferablyXG:DFGNVYHK 25LPSTW

| 1
M 0(5 R xyere va\p(f),qr b¥opfdx==R, Gor N, X9 = D or P, preferably Xs = D, X10
ng &Q aB@M, Y, W E or K preferabl X10=M R S, V, G

FX21= Nvﬁo@ ‘KG Mé‘é{é’l&é‘waM@fefahwa "GPorQ\V &35, A Kr R mere F

ré?era@ay)igu—rl?R'\é T, V, Wor Y, preferably X11 = Q R L, F, G H,
554 W e Sreferably X11 = Q K. Ror F X12 = N°R 1. Y. V, K
SXSF GAR Avgr s rsefergblypbreCpreferably X12 = N, R V or Q X13 = H A

Tx4¥ Bra, k; vk ef &Y sRlerany X, =Pk & X14 = K, Qor R preferably X14 =
R Xs=WorR;
=D.AGKLTNFHMPQSCLRVorY, preferably Xe =D, A, G, K, L, T, N, F,
H, M, P, Q, S, VorY; more preferably X =D, S, A, GorN;
Xs=E, G A L C QorS; preferably X; =E, G or §;
Xg=D,F, G N, VY. H KL P S TWIMA, CorR; preferably Xg =D, F, G, N, V, Y, H, K,
25 L P, S, T, W, |, MorR; more preferably Xg =D, G or N;
Xg = D or P, preferably Xg =D
Xe=MR S V,AFGLTY WEorK preferably X,y =M, R, S5, V, G Y, L, F, T, Wor K;
more preferably X5 =M, L, Gor V;
Xn=Q R LFGHSACLKMPT,V WorY, preferably X =Q,R, L, F, G, H, S, K
30 or Y; more preferably Xy = Q, K, Ror F;
Xp=N,R LY, VKT QS F, A W E orH; more preferably X;, =N, R, Vor Q;
Xis=H,A F,Q, T,VorL; preferably X3 = Hor L;
X =K, QorR; preferably X4 =KorR;
Xi5=8,A V,NorF;
35 Xeg=1LL MT, WorV, preferably X;s =1, L or V;
X =K, TorR;
Xe=G H, KA P F I,QR,S, T, Y or N; preferably Xis = G, H, R, K or N; more preferably

:<'

o
T _l—

XT—HW®
o
TOOAR

o)
<



X15=S, A, V, Nor F;, 35 X16 =1, L, M T, Wor V; preferably X16 =1, L or
V, X17=K, TorR, X18 =G H K A P, F, I, Q R S T, Yor N, preferably
X18 =G H R Kor N nore preferably 11 X18 = Gor R X19 =Y, H K, L,
M N Q S, Vor R preferably X19 =1y or R X20 = K, '"F, H, - T, Cor R
preferably X20 = K or R X21 =Y, F, R A H L M S or W preferably X21
Y, F)ﬁ@G(y,\IRS X2 =A K N Q T, E, H I, R SV, Gor Y, preferably

22, Al B SR B 8 0L KT

pr ef er abdzy_xzp Ff ﬁC&-RQreférab[ p o rm@mpr ef er abI y X24 = Gor A 10 X25 =
G K H, Wor

ref er abl = K or X2 :F H I, MV WR
or L; p;)%f eP(aBl@ “g)(ﬂi LrNﬁ:Sd%V\{ p"?@'?‘%y X =L\"I%\/lR Q Ror T preferably
X27 5= VX, = MIINTQ, MOEEHPT a6k esall & of2f: preMraply kzz -—MZ& N, K, H sNery; Rore
prefera\%%/ X28 Kor R_X29 =Y, |, YRCGG or YR preferably X29 =Y or YR
15 and ferg W&%??T@S§°Eﬁan 100% i dentity with amino acids 1 to 40 of SEQ ID

NO 1. | X aakeRpdi pRfdrably Re PRIoypept i de of the invention is a pol ypeptl de
having antimcraobial _activit nmp referabl ts_

am no ace ‘d“& 1&h & N EHARA Q\f,w}?"éﬁigtxﬂ 7(5%6%{}(%&{) 'PB‘?‘ee‘}/ Qﬁ%ﬁrﬁﬁli &e%fs
80% i deml ty, nore preferably at |east 85% identity, even nore preferably
at Ieas 0% i dentjt even en erably at |east 95% i dentity, nost
pre er abey”™ é@%*ﬂﬂﬂé\ﬁ? 9rab§ﬁ&5| ﬁgga?rtF?cul ar 100%identity) with anino
aci ds 1xto=#0A0H, It kevam R%r@cblféferéﬁﬁbt%beﬂofu )

G F-G G Xl - G X2- X3- X4- X5- X6- D- X7-

- X1o0- C- X1
- S X12- X7 Xa - '\kaK)@LOR@I@@@FPr@';(SfB Ve b bonBane rolarsbis e T3, wherein
25 X1 =X =R, HQN oV¥R; @;efe&gb]é\x%& Rlor®; preferably X1 = N R Sor G X2 =F,

Er R T A P N
H, 18, Lan®whizh hbs 1886 than N0%% |cBnt|t9r\nﬁth%rrrﬂm Heidd1 o ) ofBEQ IDNNO:X7 = M R S
\|_/| g E Olr_ {pFarb;@p\é\ét%{gp t%é&{/ aeyg(hgr MtIOE’l is a poiypeptide%a\nng emfZ r‘mcréblai G

activity which comprises, preferably consists of, an amino acid sequence which has at least
70% identity (preferably at least 80% identity, more preferably at least 85% identity, even more
preferably at least 90% identity, even more preferably at least 95% identity, most preferably

20 97% identity, and in particular 100% identity) with amino acids 1 to 40 of the amino acid
sequence (1i):
G-F-G-C-X4-G-Kg-X5-Xg-X-X-12-X7-Xg-C-H-Xg-X15-G-X11-8-X12-X13-K14-X15-X16-G-G-Xi7-C-X45-
K-X1g-Xoo-Xo1-Koo-C-K-C-Xys;
wherein

25 Xi=N,R,QV, G, 8 A KorY; preferably X; = N, R, Sor G;
Xo=P, KorR;
Xzs=WorR,;
Xa=D,A,GKLTNFHMP QS VorY; preferably X, =D, S, A, GorN;
Xs=E GorS;

30 X=D,F,GNV,Y, H KL P, S T,W,I MorR; preferably Xg =D, Gor N;
X=MR,SV,GY,LF T, WorK, preferably X, =M, L, GorV;
Xe=Q,R, L F GH, S KorY; preferably Xs = Q, K, Ror F;
Xg=N,R LY, V,K,T,8, QorH; preferably Xs = N, R, Vor Q;
Xpo=Horl;

35 Xy =KorRk;
Xe=1, Lorv;
Xa=KorR;



XO=N R I,V V K T, S Qor H preferably X9 = N R Vor O
X10=1-1or L; 35 X11 = Kor R X12 =1, Lor V, X183 = Kor R 12 . X4 =
G H R Kor N preferably X14-= Gor R, XIS=YorR X15=KorR, X17 =Y, F,
Ror W 5 X18 = A K N Q T, S'or ¥.preferably X18 = A, Sor T, X9 =
G K Q Aor R preferably X19 = G or A XZO:G KorR, X21 = F or L; X22
V. L, Mq@J=§, HPREK®F Abbxiofdidy X, \& @lorlR; 10 X23 Y or YR, and whi ch has

| ess than 100%|dent|ty with amno acids 1 to 40 of SEQ ID NO 1. In another
embodi mée = YtR& ani no aci d sequence (1) and/or (11) has 1, 2, 3, 4, 5, 6, 7
or 8 amoKasRd d| ffer ences conpared to the am no acid sequence of SEQ I D
NO 1. Preferabl 3, 4, 5 or 6; nore preferably 1, 2, 3, 4 or 5; even
nor e pré(ﬁ T AbT 9*'W2 '3 or 4; even nore 15 preferably 1, 2 or 3; and nost

pr efser aly, y= A mrNQQamng\,acplrgéragfy%ghw g'®nt conpared to the amino acid
sequence of SE NG 1. 'I'n another enbodiment, the anino acid sequence (1)

and/ or (443G hégQaMrBae&ef%MMen@@ﬁ with amino acids 1 to 40 of SEQ ID
NO 1, pxefeGakloyrat | east 65%identity, at least 70% identity, at |east
75% i dentl té at least 80%identity, at |east 85%identity, at |east 90%

i dentit ¢ 9 br at least 95%identity with amino acids 1 to 40 of SEQ ID
NOC 1. I;(zza:rmtmem ofTOReierEN X,, NeoAam no acid sequence (1) and/or (I1) has O,
1, 2, 3 insertions, preferably 0, 1, 2 or 3 insertions, nore
préPeraﬁPay“ﬁor YRor 2 insertions; and 0, 1, 2, 3, 4 or 5 deletions,

pr ef er abBhy which has %s@'ih'ﬁn ﬂ)@%héﬁﬁ’@wﬁﬁ%ﬁ%&éc@i@‘[ &MG’&%EGII@NO& del etions, as
conpared to SEQ I D NO anyone of SEQ ID NO 3 to SEQ I D NO 225 or anyone

of SEQ ID E@W@%?@W@Wﬁ@fm%ﬁ’ﬂtﬁo%ﬁ AuaRsroeansor Edast . Ro3 26 D, fo’ SE®) I D
NO 274. airkhoodtid @ﬁéreﬁm%r@f’éd totth@amoméq@sn@a ofts’fm m@@m IFRBrefaYNPY i S es,

prefera gonm sts of, an am no acid sequence which has at |east 60%
i dentit 5 %p &f & Ay prRiorAPYeht4: t3 4 Pfov: ee"eﬁrré‘f"@r%fﬁf%at%% Pdéfri% ever e nor e

praker aEﬂeYergﬁg/ 1i, Pedrt 3:t ahd RBSNprsRiraniPHehes alline 8% apte Bifekah co@;\é%d%rtﬁe
prefera 5% i dent%&j/, and nmopst preferably 100% i dentity) with am no

aci ds 13080RsIdgPayen 'EINSED 1D NO 3 to SEQ ID NO 225 or anyone of SEQ
I D NO 226 t p &plodr Bmbdiinhl ths ammboty dqueléd | PaNRr2RPha9 B8t 1609 INGeA R

prefer abit}¥ amixgggidgf’l tSQEgolo?é\l% ID NO:1, preferably at least 65% identity, at least 70%
identity, at least 75% Iidentity, at least 80% identity, at least 85% identity, at least 90% identity,

20 or at least 95% identity with amino acids 1 to 40 of SEQ ID NO:1.
in another embodiment, the amino acid sequence () and/or (Il) has 0, 1, 2, 3, 4 or 5

insertions, preferably 0, 1, 2 or 3 insertions, more preferably 0, 1 or 2 insertions; and 0, 1, 2, 3,

4 or 5 deietions, preferably 0, 1, 2 or 3 deletions, more preferably 0, 1 or 2 deletions, as

compared to SEQ ID NO:1 or anyone of SEQ 1D NO:3 to SEQ 1D NO:225 or anyone of SEQ ID
25 NO:226 to SEQ 1D NO:251 or anyone of SEQ ID NO:252 to SEQ 1D NO:274.

In another embodiment, the polypeptide of the invention comprisas, preferably consists
of, an amino acid sequence which has at least 60% identity {preferably 70% identity, more
preferably 80% identity, even more preferably 85% identity, even more preferably 90% identity,
even more preferably 95% identity, and most preferably 100% identity) with amino acids 1 to

30 40 of anyone of SEQ ID NO:3 to SEQ ID NO:225 or anyone of SEQ 1D NQ:226 to SEQ ID

NO:251 or anyone of SEQ 1D NO:252 to SEQ 1D NO:274, preferably anyone of SEQ ID NO:3

to SEQ 1D NO:117 or anyone of SEQ 1D NO:226 to SEQ 1D NO:251 or anyone of SEQ ID
NO:252 to SEQ 1D NO:274.

The term “"anyone of SEQ D NQ:3 {o SEQ ID NOG:117" is intended to mean SEQ ID

35 NQ:3, SEQ ID NG:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9,

SEQ 1D NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID

NO:15, SEQ ID NO:16, SEQ 1D NO:17, SEQ 1D NO:18, SEQ 1D NO:19, SEQ ID NO:20, SEQ



SEQ I D NO 117 or anyone of SEQ ID NO 226 to SEQ I D NO 251 or anyone of
QID NO 252 to SEQ ID NO 274. The term "anyene .of SEQ ID NO 3 to SEQ ID
17" is intended to mean SEQ ID 35 NO 3, SEQ ID NG 4, SEQ ID NG5, SEQ
ID NO.6, SEQID NO7, SEQID NGO 8, SEQ ID NG9, SEQID N© 10, SEQ ID
SEQ ID NO:12, SEQ ID NO 13, SEQID NG 14, SEQID NO 15, SEQ ID
, SEQG:R1 NSEQ 1D NEQ2| BENQML RO B-QGHMIN®I(:24, SEQ |DINOIA52 SECBEINTE26,1 D

- PR 25e 558 MRS, bR T N, G R Qe p
, DER2 BEND 3D:35ET0 D NO:38, SEREM IND:BE) SO IDRQ:36) NED 35 NGED SED

- BERBNEGI0 B30, BB, b0 TS ER R M RERG R,
SEQ 1D N{®44,7SESHQ ND:NO IR, ISEQ@UB, SEQ 49 NCSEQ $EQNO. 80;485BEQ ID

- L3RR EIIR ANEE, SRR Y B AR SAPNGER 0,
Q | D NONE2:55SEERIID WNOI563 SEGER ND:NOSHD ISIMD:68 SENGD, NSEY, SBQ NIDNEB60,SEQ
N0 80 B340, MRS FBANS BSR4 B b5 SS9 Bl 8o BERY D

NG 92, SEQ IDN®¥783sESHQ ND:NO S IDIHEQEDDSED 95 NCBEQ $EOND: 86:85EER DD

N0- 112, 970U RA: 1920 BB NIAIA, 560 LA Uibon SEI B W dd e 9 SEO
t 0 mean NayaD) SEaf 1D RO BEQSED IDNNG:A162, SEERID RONCD3L $E0 ISEEDIDANBEQ2D NCBERS,| D
120 S Bl iea SR . S B o B4R RBoste. SER PR h2eais | 3
131, NSEQI1, BEWINLESQ; 11SESFQIDNID:133, SERE@ ND:1 M) SERYID ISEQ155R IR 18EQ | D
1136, SS%Q:@ %ﬁ;? SEQ I D NO: 138, SEQ I D NG 139, SEQ I D NO: 140, SEQ ID

: 141, °5 42, SEQ I D NO: 143, SEQ ID NO 144, SEQ I D 25 NO: 145, SEQ
NO: 146, SRR DAydhdTof SHENID RONDt 1 SBEGEDNERND i SndSEQ MDaNGng&e; of SEQ

I, B Rl b IO SR N S PR RO 3000,
NO: 16/0:125BE80 D NO:12é2SEQED NM1RB,; SFE3 |D DO 26DSKD ID6M0: 18ZEEQ INN688, SEQ
1 1550 S B, Moo SRR 931, SR I8 SRR D, SE0
Q | D N©:134 SEEED NO: 186, $Z@, IDDED1BE SEQ ID NO:137, SEQ ID NO:138, SEQ ID NO:138,
SEQ ID NO:140, SEQ ID NO:141, SEQ ID NO:142, SEQ 1D NO:143, SEQ ID NO:144, SEQ 1D
25 NQ:145, SEQ ID NO:146, SEQ ID NO:147, SEQ ID NO:148, SEQ ID NO:148, SEQ ID NO:150,
SEQ ID NO:151, SEQ ID NO:152, SEQ 1D NO:153, SEQ ID NO:154, SEQ ID NO:185, SEQ 1D
NO:156, SEQ ID NO:157, SEQ ID NO:158, SEQ ID NO:159, SEQ 1D NO:1860, SEQ 1D NO:161,
SEQ ID NO:162, SEQ ID NO:163, SEQ ID NO:164, SEQ ID NQO:165, SEQ 1D NO:166, SEQ ID
NO:167, SEQ ID NG:168, SEQ ID NO:169, SEQ ID NO:170, SEQ 1D NO:171, SEQ ID NO:172,
30 SEQ ID NO:173, SEQ D NO:174, SEQ ID NO:175, SEQ 1D NO:1786, SEQ 1D NO:177, SEQ ID
NQO:178, SEQ ID NO:179, SEQ ID NO:180, SEQ 1D NO:181, SEQ 1D NO:182, SEQ ID NO:183,
SEQ ID NO:184, SEQ ID NO:185, SEQ 1D NO:186, SEQ ID NO:187, SEQ ID NO:188, SEQ 1D
NO:189, SEQ 1D NO:180, SEQ ID NO:191, SEQ 10 NO:192, SEQ ID NO:193, SEQ ID NO:194,
SEQ ID NO:195, SEQ ID NO:198, SEQ ID NO:197, SEQ ID NO:198, SEQ D NQO:199, SEQ ID
35 NQ:200, SEQ ID NO:201, SEQ 1D NO:202, SEQ ID NO:203, SEQ ID NO:204, SEQ ID NO:205,
SEQ ID NO:208, SEQ ID NO:207, SEQ ID NO:208, SEQ ID NO:209, SEQ ID NO:210, SEQ ID
NO:2141, SEQ ID NO:212, SEQ 1D N0O:213, SEQ ID NO:214, SEQ ID NO:215, SEQ 1D NO:216,
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1178, SEQ ID NO: 179, SEQ ID NO: 180, SEQ I D NO: 181, SEQ ID NO: 182, SEQ ID
183, SEQ I D NO: 184, SEQ I D NO 185, SEQ ID NO: 186, SEQ I D NO: 187, SEQ ID
188, SEQ ID NO: 189, SEQ I D NO:190, SEQ ID NO: 191, SEQ ID NO: 192, SEQ ID
193, SEQ ID NO: 194, SEQ ID NO 195 . SEQ I D NO: 196, SEQ ID NO 197, SEQ ID-
198, SEQ ID NO: 199, SEQ I D 35 NO 200, SEQ I D NO: 201, SEQ I D NO: 202, SEQ
NO: 26&30 BE@IA7NSEQMD NGER, | SEMD RIE6219, SEQ IDINNQ2R0SEQIBEQIOD2NOSE2QTD SEQ

T R

NO 218e tprQah{dni@f ZER ICBRQ: 428 tHIQELR M NBEG1M B iMend@d fo GE&h kByornB@f222,

2L§ 2B N0 TR boa I eI P A P AN 5L

HO: 2Ri0:238EQEDIDNGD 228, SEAW IND:hE3, 229 IFSHQ:433, SEQABINO-3BR $HN) 15 N‘Qﬂ’.ﬁl

SE3 15 NBcEroRg bEE e B IENS #ie SR 20 B BB 83S

SEQ | D N¥»24BECHENOR4ABGRA3D NekE14, BENOI2MG,: 245EQE QDD 246, SEREQ) IND:NOY, 246

et Yt huo a8 A T BB R 0 2 ety o

mean anyoneThé terd*afizidel P FHQ ADRO: HEQo IFEAND REE274SEOnichd&iDt?méan Shydrieldbf

NG o0, SBE M@zzééo SO PE b8 10 Zaosro (16355, S PRIRGBeECRS 1 b

NG 265, NSESSA, BEROKNG6; 258ESEHIDIND: 269, SERED ND:26890s263D MEQsH CEINDIR 68D 28EQ | D

The. t of SECRR/DRE0: SERAPD ket S IENG 768, REDELAG 20e, REpEdoPs et 10

anyone ¢§0:265QECDINID3660SSQQ IND: N, SEQ 1y NOBan8EQf IDER2ID DEDIDSIQ:27HEQ
| D NO 225 E&r&%%rzg}# anyone of SEQID NO 2 to SEQ ID NO 225" is intended to
nmean SE@?’ ““0f* anyone of SEQ ID NO. 3 to SEQ I D NO 225. The am no

ac:ﬁs rraki ngrael&)emh%np@%es/@tesmdea\ms toIBED NV NDRRST igtytendedependan thyoreeof 20
se ecte r ef er abl | he i nvention is
a defen Sﬁ%@f Hﬁ’nﬁ?%ﬁ@?’%%%@@&ﬁgq @%@n@ 'Hb%sbeta
def ensi n on'h@termn‘aﬁﬁine(oaSEm[mwﬁ to R ITsND:27Bh & iptehy@eptmemsSHQ IDIND:2
i nvention er st equal, preferably higher,
antim cPBﬁ“yé%ez?iBF& 'bﬁ%gzﬂgﬁg{@%@t g pol ypeptide of SEQ ID NO 1,
det erm ned #Re tdng@no 26idd malirgrub rthe l}jolylpéytzc@@rm‘ethe riatdntion (nMyC)n,deagaienEy be

yl ococcu 1365,,. S ococcu u S 9213 or

| OSUEEAY 0P edeoraciooBB S TR E ey PRB TS ROt IVEETR 15 defonas
pr ot ocobolMfepide; wike pPéierably. arQaEdbhtdmiésssrf os bBid défieasin Aot lamm:senibl(afrthropod)
Suscepti Tlﬁl | ty Tests for Bacteria That G ow Aerobically. In an enbodi nent,
t he pre B Mvention relates to artificial variants conprising a

The polypeptides of the invention may exhibit higher or at least equal, preferably higher,

65%%’56555555

antimicrobial activity compared to the polypeptide of SEQ ID NO:1, determined as the

25 Minimum Inhibitory Concentration (MIC), against Siahylococcus carnosus ATCC51365,

Stanylococcus aureus ATCC29213 or Stahylococcus aureus ATCC25923 according to the

NCCLS / CLS! guidelines, protocol M7-A8, vol. 20, No. 2: Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria That Grow Aercbically.

In an embodiment, the present invention relates to artificial variants comprising a

30 conservative substitution, deletion, and/or insertion of one or more amino acids of anyone of

SEQ ID NO:2 to SEQ ID NO:225 or anyone of SEQ 1D NO:226 to SEQ ID NO:251 or anyone

of SEQ 1D NO:252 {0 SEQ ID NO:274. Preferably, amino acid changes are of a minor nature,

that is conservative amino acid substitutions or insertions that do not significantly affect the

folding and/or activity of the protein; small deletions, typically of one to about 10 amino acids;

35 small amino- or carboxyl-terminal extensions, such as an amino-terminal methionine residue; a

small linker peptide of up to about 20-25 residues; or a small extension that facilitates

purification by changing net charge or ancther function, such as a poly-histidine ftract, an



30 conservative substitution, deletion, and/or insertion of one or nore

am no ‘aci ds of anyone of SEQ ID NO 2 to SEQ1D NO 225 or anyone of SEQ ID
NO 226 to SEQ I D NG 251 or anyone of SEQ ID NGO 252 to SEQ I D NO 274.
Preferably, am no acid changes are of5a m nor nature, that is conservative
am no acid substitutions or insertions that do not significantly affect the

f ol di ng aatigéris efiebé F & Bindingtdomapr.ot ei n; smal | del eti ons typically of one
to about 10 _am no aci ds naI ext.ensi ons,

such as an Bleﬁefefm*éﬁwﬁm.sah?fﬁﬁ'%s?fau\aﬁh'a Gy [ ieie 28 asR o
to a]lc)OUI(?rQQnr%g Iysaf thﬂﬁlstl@h?ﬁ aﬁ:ma:l hmiot @(ﬂés; ggﬂutfa]t‘tﬁt a?ﬂ@ll’id aaiaﬁlﬁ: acid), polar
urirrticatlion I.N n char r an er unctl. o sucn, a
Dy b it Agts TRRMIGS ang asieianeh MyoRBRots anire 2o8S MerRlS dshRune and
Exampl esaltfe) C@Om@fdl@hlnm%\cmtiﬁlﬁérty(ﬂarm’m trgptephart Anditytdsinedr ardosrodi! draisib acilsi no
I Nl ne

d id
a2 psalrsthe e B, Aregaeccragiqi Ang e el hkh o i
hyd Ei op?@bh@"afwr‘lam frkills dctnﬂlycar@eknow&()hetu@lameamdréd&'airibé@)fnr axample| byeHm no
aci ds enyl al anj.ne, a T 0S
el vei oNEEn BRI .y 4B P T B S enif eSS o YerRy e Rost
SEbSt i E ubmmlyvx/ﬁc@hm@ eagtangger@éahlbﬁal ar/lls pASl\?gGILGt'Hﬂ‘ISGU a/Giye defiﬁanl? g
the art _and ar exa ur.a
o103 SBPAs S Al VER SR rvePhe BREY Lisite. ARt g kel A Al
exchang@spﬂnﬁ Al a/ Ser, Valllie, Asp/ G u, Thr/Ser, A a/ GI y, Al a/ Thr, 10
Ser/ As Ser / .Tyr/ Phe, /P /A [ Asn, /II
AR T B ol B e e
gon st ahﬁ@'gd{pﬁmmpﬁacnﬁmy( tyumlb asnmwléwdryax)apiﬂpisot?@meﬁaw a@hayrhetlhwsen@e)

am noi_sobu soval.i.ne

unot e ates sl for i Buh i otk AR AtvesBidt & il nifber ¢feq

Bum?ﬁr abn- J:anmmiug@rasr&mwab:uyeammbmmcmds areamétn«mmdem;ytthatgeaem:t ngck:c emdoded
e i ¢ _code nnat ur.a m no. aci e. ut e ar,

o o’ bl pfRCac & Rk i Sl J6L A B T fFpss DHERMA B b

g_r ]9} ei nhaystbbes |nﬁ3d|f®nouf§yr grate gyrm’gam @mﬂ/osthagetajcieemmalt ﬁfamturendethencgaien( S)

ifferen st andard, am no_aci ur.a can

be cheﬁf‘%’ Sﬁgl) F&ey%t EXY z@%oaﬁ}? %F‘@‘Faéala%?’g)o eé’r‘% gﬁﬁgﬁ”&&ilaﬁ‘m@o %’éﬁﬁ g%i} 3’9 and
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30 acid residues that are critical to the aclivity of the molecule. See also, Hilton ef al, 1896, J.
Biol. Chem. 271: 4699-4708. The biological interaction can also be determined by physical
analysis of structure, as determined by such techniques as nuclear magnetic resonance,
crystallography, electron diffraction, or photoaffinity labeling, in conjunction with mutation of
putative contact site amino acids. See, for example, de Vos ef al., 1992, Science 255: 306-

35 312; Smith ef al., 1992, J. Mol Biol. 224: 899-904; Wlodaver ef al., 1992, FEBS Leif. 309:58-
64. The identities of essential amino acids can also be inferred from analysis of identities with
polypeptides which are related to a polypeptide according fo the invention.
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pol ypeppste AmW, bg1QdeMT AaHE! A3 1HN AR NIABI RABB IS SINEAGEGeF ASEQ | D NO 1. In

an enbodiment the parent antim crobial polypeptide is a defensin
pol ypepF?%féPrﬁ%%'é preferably an al pha defensin, a beta defensin, or an

i nsect &agkhsoamdstet@osi 6338 @bET, @I3A dri@s3rR5 parent anino aci d sequence
exhibit _antinm crobial activity. In another enbodi nent, the parent
antimcﬁg 3%@1@\69{&@4'%5 1, 2, 3, 4, 5 6, 7 or 8

15 F35A, F35H, F351, F35M, F35V, F35W, F35R or F35L;

V36L., V36M, V36l, V36K, V36Q), V38R or V36T,
K38H, K38M or K38K; and
Y40!, YA0YRCG or Y40YR.
Preferably the parent antimicrobial polypeptide has at least 70% identity, more preferably
20 at least 80% identity, even more preferably at least 80% identity, and most preferably 95%
identity with the amino acid sequence of SEQ ID NO:1. In particular the parent antimicrobial
polypeptide may be identical to the amino acid sequence of SEQ 1D NO:1.
In an embodiment the parent antimicrobial polypeptide is a defensin polypeptide; more
preferably an alpha defensin, a beta defensin, or an insect (arthropod) defensin. Preferably the
25 parent amino acid sequence exhibit antimicrobial activity.
In another embodiment, the parent antimicrobial polypeptide has 1, 2, 3,4, 5,6, 7 or 8
amino acid differences compared to the amino acid sequence of SEQ 1D NO:1. Preferably 1, 2,
3, 4, 5 or 6; more preferably 1, 2, 3, 4 or 5; even more preferably 1, 2, 3 or 4; even more
preferably 1, 2 or 3; and most preferably 1 or 2 amino acids are different compared to the

30 amino acid sequence of SEQ 1D NO:1.

N-Terminal Extension
An N-terminal extension of the polypeptides of the invention may suitably consist of from
1 to 50 amino acids, preferably 2-20 amino acids, especially 3-15 amino acids. In one
35 embodiment N-terminal peplide extension does not contain an Arg (R). In another embodiment
the N-terminal extension comprises a kex2 or kex2-like cleavage site as will be defined further
below. In a preferred embodiment the N-terminal exiension is a peptide, comprising at least



am no acid differences conpared to the am no acid sequence of SEQ I D NO 1.
Preferably 1, 2, 3, 4, 5-or 6; nore preferably 1, 2, 3, 4 or 5; even nore
preferably 1, 2, 3 or 4; even npore preferably 1, 2 or 3; and nopst
preferably 1 or 2 am no acids are different conpared to the 30 am no acid-
sequence of SEQ D NO 1. N-Term nal Extension An N-term nal extension of the
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pol ypeptjdes in ich_anot her polypeptide is fused at the N-term nus or the
Cterm 25550 ﬁ%\%g%ti de of the invention or a fragment thereof. A
fused pol ypeptide is produced by fusing a nucleotide sequence (or a

portion_t hereof) encodi ng anot her pol ypeptide to a nucleotide sequence (or
a porti GHSRHEPHBEPLAES t he present invention. Techniques for producing

fusi on pol ypr®thoRpspires dmw?rebmtih@anabﬁ alsanfclide fugde polypeptidee drfsavatieng
sequences . encodi ng 25 the po epti des ,dso_ t hat the%/ a{re in fr@me ?nd.that
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mi crooréﬁ‘r‘ﬂgsﬁ's 't‘)‘? '1,:79 sequence (or a portion thereof) encoding anather polypeplide to a
nuclectide sequence {or a portion thereof) of the present invention. Techniques for producing
fusion polypeptides are known in the ari, and include ligating the coding sequences encoding
25 the polypeptides so that they are in frame and that expression of the fused polypeptide is

under control of the same promoter{s} and terminator.

Sources of Polypeptides Having Antimicrobial Actlvity
A polypeptide of the present invention may be obtained from microorganisms of any
30 genus. For purposss of the present invention, the term “obtained from” as used herein in
connection with a given source shall mean that the polypeptide encoded by a nucleotide
sequence is produced by the source or by a strain in which the nuclectide sequence from the
source has been inserted. In a preferred aspect, the polypeptide obtainad from a given source
is secrated extracellularly.
35 A polypeplide of the present invention may be a bacterial polypeptide. For example, the
polypeptide may be a gram positive bacterial polypeptide such as a Baciflus polypeptide, e.g.,
a Bacillus atkalophilus, Bacillus amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacillus
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30 Strains of these species are readily accessible to the public in a number of culture
collections, such: as the American Type Culture Collection (ATCC), Deutsche Sammiung von
Mikroorganismen und Zellkulturen GmbH (DSM), Centraalbureau Voor Schimmelcultures
(CBS), and Agricultural Research Service Patent Culture Collection, Northern Regional
Research Center (NRRL).

35 Polypeptides of the present invention also include fused polypeptides or cleavabie fusion
polypeptides in which another polypeptide is fused at the N-terminus or the C-terminus of the
polypeptide or fragment thereof. A fused polypeptide is produced by fusing a nucleotide
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25 cell where multiple copies or clones of the nucleotide sequence will be replicated. The
nucleotide sequence may be of genomic, cDNA, RNA, semisynthetic, synthetic origin, or any
combinations thereof.
Modification of a nucleotide sequence encoding a polypeptide of the present invention
may be necessary for the synthesis of a polypeptide, which comprises an amino acid
30 sequence that has at least one substitution, deletion and/or insertion as compared to amino
acids 1 to 40 of anyone of SEQ ID NO:2 to SEQ ID NO:225 or anyone of SEQ 1D NO:226 to
SEQ ID NO:251 or anyone of SEQ 1D NO:252 to SEQ ID NO:274. These artificial variants may
differ in some engineered way from the polypeptide isolated from its native source, e.g.,
variarits that differ in specific activity, thermostability, pH optimum, or the like.
35 It will be apparent to those skilled in the art that such substitutions can be made outside
the regions critical to the function of the molecule and stili result in an active polypeptide.
Amino acid residues essential to the activity of the polypeptide encoded by an isclated
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The conirol sequence may be an appropriate promoter sequence, a nucleotide sequence
which is recognized by a host cell for expression of a polynucieotide encoding a polypeptide of
the present invention. The promoter sequence contains transcriptional control sequances

30 which mediate the expression of the polypeptide. The promoter may be any nucleotide
sequence which shows transcriptional activity in the host cell of choice including mutant,
tfruncated, and hybrid promoters, and may be obtained from genes encoding extracellular or
intracellular polypeptides either homologous or heterologous to the host cell.

Examples of suitable promoters for directing the transcription of the nucleic acid

35 constructs of the present invention, especiaily in a bacterial host cell, are the promoters
obtained from the E. coli lac operon, Streptomyces coelicolor agarase gene (dagh), Bacillus
subtilis levansucrase gene (sacB), Bacillus licheniformis alpha-amylase gene {(amyl), Bacillus



the present invention. The pronoter sequence contains transcriptional
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denydrogenase (ADH1,ADH2/GAP), Saccharomyces cerevisiae triose phosphate isomerase
(TP1), Saccharomyces cerevisiae metallothionine (CUP1), and Saccharomyces cerevisiae 3-
phosphoglycerate kinase. Other useful promolers for yeast host cells are described by

30 Romanos ef al, 1992, Yeast 8: 423-488.

The control sequence may also be a suitable franscription terminator sequence, a
sequence recognized by a host cell to terminate transcription. The terminator sequence is
operably linked to the 3' terminus of the nucleotide sequence encoding the polypeptide. Any
terminator which is functional in the host cell of choice may be used in the present invention.

35 Preferred terminators for filamentous fungal host cells are obtained from the genes for
Aspergiflus oryzae TAKA amylase, Aspergillus niger gluccamylase, Aspergillus nidulans

anthranilate synthase, Aspergiflus niger alpha-glucosidase, and Fusarium oxysporum {rypsin-



(TPI'), Saccharomnmyces cerevisiae netallothionine (CUP1), and Saccharomyces
cerevi siae 3- phosphogl ycerate kinase. O her useful pronoters for yeast
host. cells are described by 30 Romanos of al . , 1992, Yeast 8: 423488. The
control sequence may also be a suitah e transcription terninator sequence,
a sequence recognized by a host cell to termnate transcription. The
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25 Useful polyadenylation sequences for yeast host cells are described by Guo and

Sherman, 1995, Molecular Cellular Biology 15: 5983-5990.

The conirol sequence may also be a signal peptide coding region that codes for an
amino acid sequence linked to the amino terminus of a polypeptide and directs the encoded
polypeptide into the cell's secretory pathway. The § end of the coding sequence of the

30 nucleotide sequence may inherently contain a signal peptide coding region naturally linked in
translation reading frame with the segment of the coding region which encodes the secreted
polypepiide. Alternatively, the 5" end of the coding sequence may contain a signal peplide
coding region which is foreign to the coding sequence. The foreign signal peptide coding
region may be required where the coding sequance does not naturally contain a signal peptide

35 coding region. Alternatively, the foreign signal peptide coding region may simply replace the
natural signal peplide coding region in order to enhance sscretion of the polypeptide.
However, any signal peptide coding region which directs the expressed polypeptide into the
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5' end of the coding sequence of the2B0 nucl eotide sequence nmay inherently
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expression of the polypeptlde relative to the growth of the host cell. Examples of regulatory

systems are those which cause the expression of the gene to be turned on or off in response
to a chemical or physical stimulus, including the presence of a regulatory compound.
30 Regulatory systems in prokaryotic systems include the fac, fac, and trp operator sysiems. In
yeast, the ADH2 system or GAL1 system may be used. In filamentous fungi, the TAKA alpha-
amylase promoter, Aspergiflus niger glucoamylase promoter, and Aspergillus oryzae
glucoamylase promoter may be used as regulatory sequences. Other examples of regulatory
sequences are those which allow for gene amplification. In eukaryotic systems, these include
35 the dihydrofolate reductase gene which is amplified in the presence of methotrexate, and the
metallothionein genes which are amplified with heavy metals. In these cases, the nucleotide

sequence encoding the polypeptide would be operably linked with the regulatory sequence.



It may al so be desirable to add regul atory sequences which allow the

“reqgul ation of the expression of the polypeptide relative to the growth of
the host cell. Exanples of regulatory systeens are those which cause the
expression of the gene to be turned & or off in response to a chem cal or
physi cal stimulus, including the presence of a regulatory conpound. 30
Regul atory systens in prokaryotic systens include the lac, tac, and tip
operator_ systens, In yeast, the ADH2 system or GAL1l system nay be used. In
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The vectors of the present invention preferably contain one or more selectable markers
which permit easy selection of transformed cells. A selectable marker is a gene the product of
which provides for biocide or viral resistance, resistance to heavy metals, prototrophy to

30 auxotrophs, and the like.

Examples of bacterial selectable markers are the daf genes from Baciffus subtilis or
Baciflus licheniformis, or markers which confer antibiotic resistance such as ampicillin,
kanamycin, chloramphenicol, or tetracycline resistance. Suitable markers for yeast host cells
are ADEZ, HIS3, LEU2, LYS2, MET3, TRP1, and URA3. Selectable markers for use in a

35 filamentous fungal host cell include, but are not limited to, amdS (acetamidase), argB
{ornithine carbamoyitransferase), bar {phosphinothricin acetyltransferase), fAph (hygromycin
phosphotransferase), niaD (nitrate reductase), pyrG (orotiding-5’-phosphate decarboxylase),
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to repligabs, i 0¥y BACYC177, and pACYC184 permitiing replication in E. cofi, and pUB110,
pE194, pTA1060, and pAMPB1 permitling replication in Bacillus.
Examples of origins of replication for use in a yeast host cell are the 2 micron origin of
replication, ARS1, ARS4, the combination of ARS1 and CEN3, and the combination of ARS4
30 and CENG.
Examples of origins of replication useful in a filamentous fungal cell are AMAT and ANS1
(Gems et al., 1991, Gene 98:61-67;, Cullen et al., 1987, Nucleic Acids Research 15: 9163-
g175; WO 00/24883). Isolation of the AMA1 gene and construction of plasmids or vectors
comprising the gene can be accomplished according to the methods disclosed in WO
35 00/24883.
More than one copy of a polynucleotide of the present invention may be inserted into the
host cell to increase production of the gene product. An increase in the copy number of the
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during repljcation, The chai.ce of a host cell will to a |arge extent depend
upon th@”‘g@rw%ﬁﬁi?ga?agetaﬁg SSPYS8pti de and its source. The host cell may

be a uni cel [Thé abstroel MOTES USIOR! LR Gnicro@rgahiBka k) OteprokaryaienNona van-aekéiltar
20 mi croqQrganism e.g., eukaryote. Useful unicellular mcroorganisns are
bactler i m'crg%rﬁﬁg‘%u@ﬁ”&se‘%F‘%' ®ositive bacteria including, but not linited
to, a Baci | Ugsfut @hlcelitargmicri@agarisris apd lbabephi tels, sudacas lgesm positive bacteria

a1 LB e, AT L P e BL by SHeRRs SSRFpALS, AR
| i cheni welmiiguerdens, | Beiloe oarees] BaviliBacirbdiass, Bacillus clausii, Bacillus coagulans,
Bacillus lautus, Bacillus lentus, Baciflus licheniformis, Bacillus megaterium, Bacillus
25 stearothermophilus, Bacilfus subltilis, and Bacillus thuringiensis, or a Streptomyces celi, e.g.,
Streptomyces lividans and Streptornyces murinus, or gram negative bacteria such as E. cofi
and Pseudomonas sp. In a preferred aspect, the bacterial host cell is a Baciflus fentus,
Bacillus licheniformis, Bacillus stearothermophilus, or Baciflus subfilis cell. In another
preferred aspect, the Bacillus cell is an alkalophilic Bacillus.
30 The introduction of a vector into a bacterial host cell may, for instance, be effected by
protoplast transformation (see, e.g., Chang and Cohen, 1979, Molecular General Genefics
168: 111-115), using competent cells (see, e.g., Young and Spizizin, 1961, Journal of
Bacteriology 81. 823-829, or Dubnau and Davidoff-Abelson, 1971, Journal of Molecular
Biology 56: 209-221), electroporation (see, e.g., Shigekawa and Dower, 1988, Biolechniques
35 6: 742-751), or conjugation (see, e.g., Koehler and Thorne, 1987, Journal of Bacleriology 169:
5771-5278).
The host cell may also be a eukaryote, such as a mammalian, insect, plant, or fungal
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Streptonyces cell, e.g., Streptomyces lividans and Streptomyces nurinus,
or gram negative bacteria such as E. coli and Pseudonobnas sp. I'n"a
preferred aspect, the bacteriral  host2tell is a Bacillus lentus, Bacillus
licheniforms, Bacillus stearothernophilus, or Bacillus subtilis cell. In
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25 other complex polysaccharides. Vegetative growth is by hyphal elongation and carbon
catabolism is obligately aerobic. In contrast, vegetative growth by yeasts such as
Saccharomyces cerevisiae is by budding of a uniceliular thallus and carbon catabolism may be
fermentative.

In an even more preferred aspect, the filamentous fungal host cell is an Acrenmonium,

30 Aspergillus, Aureobasidium, Bjerkandera, Ceriporiopsis, Coprinus, Coriolus, Crypfococcus,
Filibasidium, Fusarium, Hurnicola, Magnaporthe, Mucor, Myceliophthora, Neocallimaslix,
Neurospora, Paecilomyces, Penicillium, Phanerochaete, Phlebia, Piromyces, Pleurotus,
Schizophyllum, Talaromyces, Thermoascus, Thielavia, Tolypocladium, Trametes, or
Trichoderma cell.

35 In & most preferred aspect, the filamentous fungal host cell is an Aspergillus awamori,
Aspergillus fumigatus, Aspergillus foetidus, Aspergillus japonicus, Aspergillus nidulans,
Aspergillus niger or Aspergillus oryzae cell. In another most preferred aspect, the filamentous



characterized by a nycelial wall conposed of chitin, cellulose, glucan,
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The present invention aiso re!%%:as]{o methods for producing a polypeptide of the present

invention, comprising {a) cultivating a cell, which in its wild-type form is capable of producing
the polypeplide, under conditions conducive for production of the polypeptide; and (b)
recovering the polypeplide.

30 The present invention also relates to methods for producing a polypeptide of the present
invention, comprising (a) cultivating a host cell under conditions conducive for production of the
polypeptide; and (b) recovering the polypeptide.

In the production methods of the present invention, the cells are cultivated in a nutrient
medium suitable for production of the polypeptide using methods well known in the art. For

35 example, the cell may be cultivated by shake flask cultivation, and small-scale or large-scale
fermentation (including continuous, batch, fed-batch, or solid state fermentations) in laboratory
or industrial fermentors performed in a suitable medium and under conditions allowing the
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The present invention also relates to a transgenic plant, plant part, or plant cell which
25 has been transformed with a nucleotide sequence encoding a polypeptide having antimicrobial
activity of the present invention so as to express and produce the polypeptide in recoverable
quantities. The polypeptide may be recovered from the plant or plant part. Alternatively, the
plant or plant part containing the recombinant polypeplide may be used as such for improving
the quality of a food or feed, e.g., improving nutritional value, palatability, and rheological
30 properties, or to destroy an antinutritive factor.
The transgenic plant can be dicotyledonous (a dicot) or monocotyledonous (a monocot).
Examples of monocot planis are grasses, such as meadow grass (blue grass, Poa), forage
grass such as Festuca, Lolium, temperate grass, such as Agrostis, and cereals, e.g., wheat,
oats, rye, barley, rice, sorghum, and maize (com).
35 Exampies of dicot plants are tobacco, legumes, such as lupins, potato, sugar beet, pea,
bean and soybean, and cruciferous plants (family Brassicaceae), such as cauliflower, rape
seed, and the closely related model organism Arabidopsis thaliana.
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encoding a polypeptide of the present invention may be constitutive or inducible, or may be
developmental, stage or tissue specific, and the gene product may be targeted to a specific
tissue or plant part such as seeds or leaves. Regulatory sequences are, for example,
described by Tague el al., 1988, Plant Physiology 86: 506.
30 For constitutive expression, the 35S-CaMV, the maize ubiguitin 1, and the rice actin 1
promoter may be used (Franck ef al., 1980, Cell 21: 285-294, Christensen ef al., 1992, Fiani
Mo. Biol. 18: 675-689; Zhang et al., 1991, Plant Cell 3: 1155-1165). Organ-specific promoters
may be, for example, a promoter from storage sink tissues such as seeds, potato tubers, and
fruits (Edwards & Coruzzi, 1990, Ann. Rev. Genet. 24: 275-303), or from metabolic sink tissues
35 such as meristems (Ito et al., 1894, Plant Mol. Biol. 24: 863-878), a seed specific promoter
such as the glutelin, prolamin, globulin, or albumin promoter from rice (Wu et al., 1898, Plant

and Cell Physiology 39: 885-889), a Vicia faba promoter from the legumin B4 and the unknown
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according to
for generating transgenic dicots (for a review, see Hooykas and Schilperoort, 1992, Plant

Molecular Biology 19: 15-38) and can also be used for transforming monocots, although other
transformation methods are often used for these plants. Presently, the method of choice for
30 generating transgenic monocots is particte bombardment (microscopic gold or tungsten
particies coated with the transforming DNA) of embryonic calii or developing embryos
(Christou, 1992, Plant Journal 2: 275-281; Shimamoto, 1994, Current Opinion Biotechnology 5:
158-162; Vasil ef al, 1992, Bio/Technology 10:. 667-674). An alternative method for
transformation of monocots is based on protoplast transformation as described by Omirulleh et

35 al., 1993, Plant Molecular Biology 21: 415-428.
Following transformation, the transformants having incorporated the expression construct

are selected and regenerated into whole plants according to methods well-known in the art.
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In an embodiment the biocidal agent is a non-enzymatic chemical agent. In another
embodiment the biocidal agent is a non-polypeptide chemical agent.

The compositions may comprise a suitable carrier material. The compositions may also

30 comprise a suitable delivery vehicle capabie of delivering the antimicrobial polypeptides of the
invention to the desired locus when the compositions are used as a medicament.

The polypeptide compositions may be prepared in accordance with methods known in
the art and may be in the form of a liquid or a dry composition. For instance, the polypeptide
composition may be in the form of a granulate or a microgranulate. The polypeptide to be

35 included in the composition may be stabilized in accordance with methods known in the art.

Examples are given below of preferred uses of the polypeptide compositions of the

invention. The dosage of the polypeplide composition of the invention and other conditions
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The antimicrobial polypeplides of the invention may additionally be used for cleaning
surfaces and cooking utensils in food processing plants and in any area in which food is
prepared or served such as hospitals, nursing homes and restaurants.

30 It may also be used as a preservation agent or a disinfection agent in water based
paints.

The invention also relates to the use of an antimicrobial polypeptide or compaosition of
the invention as a medicament. Further, an antimicrobial polypeptide or composition of the
invention may also be used for the manufacture of a medicament for controliing or combating

35 microorganisms, such as fungal organisms or bacteria, preferably gram positive bacteria.

The composition and antimicrobial polypeptide of the invention may be used as an

antimicrobial veterinarian or human therapeutic or prophylactic agent. Thus, the composition
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25 bacteria, including streptococci such as Strepfococcus pneumonia, S. uberis, S.
hyointestinalis, S. pyogenes and S. agaiacliae; and staphylococci such as Staphylococcus
aureus, S. epidermidis, S. simulans, S. xylosus and S. carnosus.

Formulations of the antimicrobial polypeplides of the invention may be administered to a
host suffering from or predisposed to a microbial lung infection, such as pneumonia; or to a

30 microbial wound infection, such as a bacterial wound infection.

Formulations of the antimicrobial polypeptides of the invention may also be administered
to a host suffering from or predisposed to a skin infection, such as acne, atopic dermatitis or
seborrheic dermatitis; preferably the skin infection is a bacterial skin infection, e.g. caused by
Staphylococcus epidermidis, Staphylococeus aureus, Propionibacterium acnes, Pilyrosporum

35 ovale or Malassezia furfur.

The antimicrobial polypeptides of the invention are also useful for in vifro formulations to

kil microbes, particularly where one does not wish to introduce guantities of conventional
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be given orally, or may be injected intravascularly, subcutaneously, peritoneally, by aerosol,

opthalmically, intra-bladder, topically, efc. For example, methods of administration by
inhalation are well-known in the art. The dosage of the therapeutic formulation will vary widely,
30 depending on the specific antimicrobial poiypeptide to be administered, the nature of the
disease, the frequency of administration, the manner of administration, the ciearance of the
agent from the host, and the like. The initizl dose may be larger, followed by smaller
maintenance doses. The dose may be administered as infrequently as weekly or biweekly, or
fractionated into smaller deses and administered oncs or several times datlty, semi-weekly, efc.
35 to maintain an effective dosage level. In many cases, oral administration will require a higher
dose than if administered intravenously. The amide bonds, as well as the amino and carboxy
termini, may be rnodified for greater stability on oral administration. For example, the carboxy
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conventional additives, such as lactose, mannital, corn starch or potato starch; with binders,
such as crystalline cellulose, celiulose derivatives, acacia, corn starch or gelatins; with
disintegrators, such as corn starch, potato starch or sodium carboxymethylcellulose; with
lubricants, such as talc or magnesium stearate; and if desired, with diluents, buffering agents,
30 moistening agents, preservatives and flavoring agents.

The compounds can be formulated into preparations for injections by dissoiving,
suspending or emulsifying them in an aqueous or nonaqueous solvent, such as vegetable or
other similar oils, synthetic aliphatic acid glycerides, esters of higher aliphatic acids or
propylene glycol; and if desired, with conventional additives such as solubilizers, isotonic

35 agents, suspending agents, emulsifying agents, stabilizers and preservatives.
The compounds can be utilized in aeroso! formulation to be administered via inhalation.

The compounds of the present invention can be formulated into pressurized accepiable
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f ol | owi mgopeftaithedch Mctﬁmvdiﬂh@’nﬂ‘@t%ne prepaiey néwegepbad thediked. are in no way
limting. F i

combi nati on TP e PoBREEBIER: A53 <k MicRVRL YR TRERE S ETeloB N Rhns. By

gr anul eﬁoramiat:apsxwtres:pn\femltmm{aﬂqmlntess vaut:h asccsnhnbmer&,nwlotcmddlagewtss suspgotings

| act ose, nn 0 r ch; with binders, such as
crystal |a|g§ﬁts érﬁ‘ﬁ%l‘y” egggggﬁ’?t @zseergggcﬂ) W\%‘t'e"gers acacia, corn starch or

gel & i ns; wFutiherdioss, the gorapmmss canbh ramiecmtams:pawtohes pwirixiog svithractariety of
sodi um hyI | .0 t r' ium
5oL U S8 RO RPL A FL NGO i o OU4E 850 THE BafpoblcoPhoTaaag &
agents, |rmeetscm®€atlne/amnmrstbréd eactaliy vip agwucsltoﬁhﬁws:sxmoalm caramcwefvehnmsat ed

them | n S Bt 0aas  Ber BHEREE aEYp bRpehy gbRos, THER TN RY Bl M9
siml ar yelidrs somyﬁﬁdmvmm&bmnﬂnaurec acid glycerides, esters of higher
al I.phati c agh s 8lqePEARY! BRSO ctaﬁ%%ng@stﬁa%ws&h ! 8680V ek

additi ves suc i zers, PE0FORI agent s, susS ng ageht's
emul si f pusygnaigest siay sbabpiovided swberdmprwsbr d@aageesnlt Tl @Earpphendsamnﬁé

utili Zega %%p%ﬁﬁfo F%blé BP%L;% en t eong"side{np éd%’ie%ﬁﬁ%gvérﬂo lﬂhgfl ﬁ%' Qd?npo y&?\

conpounds he" pFesent bn can be form into pressurize
accept albeta®dig preoprenbantanmuots ab thei prhsent adiehtiororSimiaryaneit dpsagsaleens for

"1 {1 09 @il bP By ol TOEVAQUIROH DA, GRS AR okak L el AipyRHATRLS € ©

pr event ect| on arns, on w convent i tives
sucts as asocbrumshtmeas a isshtiomiic seréntwates uspendisaline agentther grhamsadoptiog)ly
agent s, g& li’éﬂéé S and preservatives. 5 Furthernmore, the conpounds can be
made inta uppos ories by mxing with a variety of bases such as

enul si fyi ngirhplaris for suslrimed seleabd dotradaions Tave welhipwwnds dfe arle Ipplesienare

i nventi e : LLog ry
can 1 nef s FoR e SFats0 Bl Wik b b RE S bbb kued 38T RG-S

gl ycol s Fonkxarhpleeidyraers lobhgtic atippendivuglgcolicyestd farre agrpdibleipetynzar t?vaimmweu-

Syrne. Hffied'y B kL 3ERTR Mo Bicnehlo et S S he Bl Er, B

Syrups, IXI suspe osage unlt
for examaceql in pesuaiyntouthe snteadﬁhmfsq:imnsqIthatttabllcmal ooncenppiéa obagiive cﬂgﬁﬂtaISns a

pr edet errmr&%g ?&Qt%tt 9{9 FBE G tion containing one or nore conpounds
of the pr esen%j TAVenci on. Q@? m%’q%@y unit dosage forms for injection or
i nt ravenous Tadiérm Snitatosage foey”, esmwer dereineretoonpopnsiostly diserate tRitsnguitable _
or * anot Aer TR aBbsBRTTAE bl 688 il ekl ol oG oLRlelEn e | e
r e|2éaseqﬂ@rrtmn bhcorapainds ef disl prekerdumveniion halcelrted in @plaamust gefécient to produce
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The specifications for the unit dosage forms of the present invention depend on the particular
compound employed and the effect to be achieved, and the pharmacodynamics associated
with the compound in the host.

30 The pharmaceutically acceptable excipients, such as vehicles, adjuvants, carriers or
diluents, are readily available to the public. Moreover, pharmaceutically acceptabie auxiliary
substances, such as pH adjusting and buffering agents, tonicity adjusting agents, stabilizers,
wetting agents and the like, are readily available to the public.

Typical dosages for systemic administration range from 0.1 pg to 100 milligrams per kg

35 weight of subject per administration. A typical dosage may be one tablet taken from two to six

times daily, or one tims-release capsule or tablet taken once a day and containing a

proportionally higher content of active ingredient. The time-release effect may be obtained by
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Formulations with Other Active Agenis

30 For use in the subject methods, the antimicrobial polypeptides of the invention may be
formulated with other pharmaceutically active agents, particularly other antimicrobial agents.
Other agents of interest include a wide variety of antibiotics, as known in the art. Classes of
antibiotics include penicilling, e.q. penicillin G, penicillin V, methicillin, oxacillin, carbenicillin,
nafcillin, ampicillin, etc.; penicillins in  combination with beta-lactamase inhibitors,

35 cephalosporins, e.g. cefaclor, cefazolin, cefuroxime, moxalactam, etc.; carbapenems;
monobactams; aminoglycosides; tetracyclines; macrolides; lincomycins;  polymyxins;
sulfonamides; quinolones; cloramphenical; meatronidazole, spectinomycin; trimethoprim;
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25 The polypeptides may also be isolated and purified in accordance with conventional
methods of recombinant synthesis. A lysate may be prepared of the expression host and the
lysate purified using HPLC, exclusion chromatography, ge! electrophoresis, affinity
chromatography, or other purification technique. For the most part, the compositions which are
used will comprise at least 20% by weight of the desired product, more usuaily at least about

30 75% by weight, preferably at least about 95% by weight, and for therapeutic purposes, usually
at least about 99.5% by weight, in relation to contaminants related to the method of
preparation of the product and its purification. Usually, the percentages will be based upon
total protein

35 Animal Feed
The present invention is also directed to methods for using the polypeptides having
antimicrobial activity in animal feed, as well as to feed composilions and feed additives
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The antimicrobial polypeptide preparation can be (&) added direcily to the feed (or used
directly in a treatment process of vegetable proteins), or (b) it can be used in the production of
one or more intermediate compositions such as feed additives or premixes that is
subsequently added to the feed (or used in a treatment process). The degree of purity

30 described above refers to the purity of the original antimicrobial polypeptide preparation,
whether used according to (a) or (b) above.

Antimicrobial polypeptide preparations with purities of this order of magnitude are in
particular obtainable using recombinant methods of production, whereas they are not so easily
obtained and also subject to a much higher bateh-to-batch variation when the antimicrobial

35 polypeptide is produced by traditional fermentation methods.
Such antimicrobial polypeptide preparation may of course be mixed with other enzymes.
The term vegetable proteins as used herein refers to any compound, composition,



A wel | -defined antim crobial polypeptide preparation is advantageous. For
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pol ypepirveetimarorisn ad ted! boe Fitesdidbe vitamiangnd/or af lebst orte asatea solablzt vilaeliy,
and/or at least one trace mineral, and/or at least one macro mineral.

25 Further, optional, feed-additive ingredients are colouring agentis, aroma compounds,
stabilisers, and/or at least cne other enzyme selected from amongst phytases EC 3.1.3.8 or
3.1.3.26; xylanases EC 3.2.1.8; galactanases EC 3.2.1.89; and/or beta-glucanases EC 3.2.1.4.

in a particular embodiment these other enzymes are well defined (as defined above for
antimicrobial polypeptide preparations).

30 Examples of other antimicrobial peptides (AMPs) are CAP18, Leucocin A, Tritrpticin,
Protegrin-1, Thanatin, Defensin, Ovispirin such as Novispirin (Robert Lehrer, 2000), and
variants, or fragments therecf which retain antimicrobial activity.

Examples of other antifungal polypeptides (AFPs) are the Aspergilius giganteus, and
Aspsrgillus niger peptides, as well as variants and fragments thereof which retain antifungal

35 activity, as disclosed in WO 94/01458 and WO 02/090384.

Usually fat and waler soluble vitamins, as weil as trace minerals form part of a so-called

premix intended for addition to the feed, whereas macro minerals are usually separately added
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Pi gl etS/pi 9§he present invention also relates to animal feed compositions. Animal feed
25 compositions or diets have a relatively high content of protein. Poultry and pig diels can be
characterised as indicated in Table B of WO 01/58275, columns 2-3. Fish diets can be
characterised as indicated in column 4 of this Table B. Furthermore such fish diets usually
have a crude fat content of 200-310 g/kg.
An anirmnal feed composition according o the invention has a crude protein content of 50-
30 800 g/kg, and furthermore comprises at least one antimicrobial polypeptide as claimed herein.
Furthermore, or in the allernative (to the crude protein content indicated above), the
animal feed composition of the invention has a content of metabolisable energy of 10-30
MJ/kg; and/or a content of calcium of 0.1-200 g/kg; andfor a content of available phosphorus of
0.1-200 g/kg; and/or a content of methionine of 0.1-100 g/kg; and/or a content of methionine
35 plus cysteine of 0.1-150 g/kg; and/or a content of lysine of 0.5-50 g/kg.
In particular embodiments, the content of metabolisable energy, crude protein, calcium,

phosphorus, methionine, methionine plus cysteine, and/or lysine is within any one of ranges 2,
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ver2beer bafereher durng the eddngustand end adiqvideriamieduepasation is typically added after the
pelleting step. The enzyme may also be incorporated in a feed additive or premix.

The final enzyme concentration in the diet is within the range of 0.01-200 mg enzyme
protein per kg diet, for example in the range of 5-30 mg enzyme protein per kg animal diet.

The antimicrobial polypeptide may be administered in one or more of the following

30 amounts (dosage ranges): 0.01-200; or 0.01-100; or 0.05-100; or 0.05-50; or 0.10-10 - all
these ranges being in mg antimicrobiai polypeptide protein per kg feed (ppm).

For determining mg antimicrobial polypeptide protein per kg feed, the antimicrobial
polypeptide is purified from the feed composition, and the specific activity of the purified
antimicrobial polypeptide is determined using a relevant assay (see under antimicrobial

35 activity, substrates, and assays). The antimicrobial activity of the feed composition as such is
also determined using the same assay, and on the basis of these two determinations, the
dosage in mg antimicrobial polypeptide protein per kg feed is calculated.
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of at least reagent .grade. EXAMPLES 15 Evaluation of Mniml Effective
Concent Pg F(%e Frb%mgﬁtaﬂ%s@%%ﬁmael' pol ypepti des, which are variants of SEQ
| D NGO 1, weiThetresiltecshoord improved activity of all three antimicrobial peptides compared to

wildtype plectasin (SEQ ID NO:1) against the bacteria Baciflus subtilis, Micrococcus luteus and
25 Staphylococcus epidermidis.

Mutation SEQ ID NO: MEC against MEC against MEC against
B. subtilis M. luteus S. epidermis
wildtype 1 0.09 1.89 0.98
Y40YR 99 0.05 0.18 0.31
N17R 95 0.07 0.32 0.59
Y25R 117 0.04 1.40 ND

Table 1. MEC values; all values are pg/mL.

30 EXAMPLE 2
Evaluation of antimicrobial activity




antimcrobial activity. A Mnimal Effective Concentration assay (MEC,
expressed as pg/nmL) . against different m croorgani snms was. perfornmed using
the three plectasin nutants, Y40YR, N17R and Y25R follow ng the protocol
described in the book of Methods in kbl ecul ar Biology, 20 vol 78,

Anti bacterial peptide protocol WIlliamM Shafer, Human Press. The

pl ect asin me\t;ange ofréﬂtmcrdm pogpéptrdest\eﬁucmareadﬁﬁarrgs aNSEQUIDNNTe1 (Risctdsia),at
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| ut eus and 25 (; g I ococcus epidermdis. Miutation SEQ | D NO MEC agai nst
VEC agarcﬁ"é7 SRS B. subtilis M luteus S. epiderms wldtype 1
0.0% 1.89 OG%MM%X&%dOSQEB&SMe@ BrbpaMﬂﬁ. Qesdéivdd 0. Sanibrobl, FrE&Rahdl7
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t he zg)rgfggﬁﬁ?”ﬂfpef’{ﬁ%e @%Qgﬁ W’('Q i&#’%ﬁa{ YBR" BFSPmi cr obi al activity )
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" Bi ol ogy acteri al t| d Lam M Shafer, Human

78, A
o oso b st aRhEn fo o BT Be Bt R FRu el BN 14 o cund
pl ates cont aimn thg plhes W@rerﬂ.veﬂ@d gritvEsmiediL B @Tc&ﬂipmeﬁmﬂﬂb@dawngh % aYerose

g8l 201 058 o PSRRI, e P PR e M Sob BTy Wl
andsal | O:mdx_stavegfg)ww alfovi Hiveth daye taktedll diigrioes dap e lpBatesT\l;en& stﬁleeqblnahez
vere oV T8 vt Wnae ol BN Pt g port 2 0 1 S% agarose and
30 degrees YaastGelonlesscreatibgrilgningtzonas weve gamsiéiedfo mmotbtacpmtemomhang
Vi sual | 399 PR SR RERedo T D ametloovuta it aed Braati BB Ryebones
were t rp}a&afbedesmat@i fagiat pktesf quriranﬁmbewait foir 1 Aigys 20 BOpdegréesSCetpimnmiatith
me%um sy ng aq%%b rpm\% at%wzyo/é) {éjr%%e and anpicillin (100 nmg/L). Such
10 yl SC growth medium from each well of the master plates were transferred to new
microtitter plates containing 200 pl. SC growth medium with 1.5% galactose and 0.5% glucose.
These piates were called daugnier plates and were incubated for 3 days at 30 degrees Celsius
under 450 rpm shaking to aliow yeast growth and peptide synthesis.

25 Finally a Radial Diffusion Assay {(RDA) was performed following the protocol described in
Methods in Molecular Biology fo analyse and quantify the antimicrobial activity of the yeast
supernatants against S. carnosus.

Briefly, 30 mL of minimal underlay medium containing 1% agarose and 5x10° cfu/ml. of
S. carnosus was poured in an omnitray plate (Nunc, 242811). A Nunc TSP plate (#445497)

30 was inserted immediately on the plate to allow a 96 well pattern formation. Once the media
had solidified, the TSP plate was removed and 10 pl. of yeast supernatant samples wers
applied on the holes. Plates were incubated 3 hours at 37 degrees Celsius and overiaid with
15 mL of LB agar growth medium. Finally, plates were incubated overnight at 37 degrees
Celsius and coloured with 1.5 mM MTT {o visualize the clearing zones.

35 Inspection and measurements of the clearing zones was performed on the plates. The
corresponding yeast clones resulting in clearing zones of similar or increased size than the

clones encoding for wild type plectasin were picked from the master plates and transferred to
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anal ysi s 6T HEHET PR Ao EABF A CREHYEEST h the gf¥ctasin|sefuerce. 5 The
mut at i onsranshraorIesPONdkakcanttiraecohicaty acti vi tigs, rel ative to the
activitv—ﬁf—%pl—ett-‘as'rnrﬁaﬁe&ﬁmm i-i—Fabl-e+2—Ar-acttvi-tyrof—2—-gortespands
to the AEEFVATY AR ECLASIHF FAH CRERTOETY [ of 3 % etter [thln Pl ectasiln,
and | i 5 cewetsgubimiobheckasicixcSEkeSeauence Mit atHixon(s) | D DO |Activitly
GFGCNGPY CoYCAKGT-VYE ety pe—1—2
GFGCRGP 10 3
G-GCQGEP 11 3
GFGCVGPWA
GFGCGGP 12 3
GFCCSGP 13 3
G-GCAGP
14 3
GFGCNGFWLEDDMQCHNHCKS TKGYKGGYCAKGGFVCKCY DIL 15 3
GFGCNGPWTEDDMOCENHCKSTKGYKGGYCAKGGFVCKCY n9T 16 3
GFGCNGPWYEDDMOCHNHCKSTKGYKGGYCAKGGFVCKCY DIY 17 3
GFGCNGPWFEDDMQCHNACKS TKGYKGGYCAKGGFVCKCY DIF 18 3
GFGCNGPWHEDDMQOCHNHCKS IKGYKGGYCAKGGFVCKCY DYH 19 3
GFGCNGPWMEDDMQCHNHCKS TRGYKGGYCAKGGFVCKCY DIM 20 3
GEFGCNGPWNEDDMOCHNACKSIKGYKGGYCAKGGFVCKCY DIN 21 3
GFGCNGPWPEDDMOCHNECKSTKGYKGGYCAKGGFVCKCY ngP 22 3
GFGCNGEWQEDDMOCHNHCKS TKGYKGGY CAKGGFVCKCY DIQ 23 3
GFGCNGPWSEDDMOCHNECKSIKGYKGGYCAKGGEFVCKCY Dgs 24 3
GFGCNGPWVEDDMQOCHNECKS IKGYKGGYCAKGGFVCKCY D9V 25 3
GFGCNGPWDGDDMOCHNHCRSIRGYRGGYCARGGEVCKCY E10G 26 3
GFGCNGPWDSDDMQCHNHCKS IKGYKGGYCARGGFVCKCY F108 27 3
GFGCNGPWDEFDMOCHNHCKS TKGYKGGYCAKGGFVCKCY D11F 28 3




G-GCNGKWDEDDMQCHNHCKSI KGYKGGYCAKGGFVCKCY P7K 9 3
G-GCNGRWDEDDMQCHNHCKSI KGYKGGYCAKGGFVCKCY P7R 10 3
G-GCNGPRDEDDMQCHNHCKSI KGYKGGYCAKGGFVCKCY WBR 11 3
G-GCNGPWAEDDMQCHNHCKSI KGYKGGYCAKGGFVEKCY D9A 12 3
G-GCNGPWEEDDMQCHNHCKSI KGYKGGYCAKGGFVCKCY DI9G 13 3

GFGCNGP

NKEDDMQCHI NHCKSI KGYKGGYCAKGE" VCKCY

DOK 14 3

GFGCNGPYW. EDDMQCHNHCK S| Se@visB@Y CAKGGFVCKCY DIL 1 54Bation(s) Ig’i%_ Activity
GF GCNGPWIEDDMOCHNHCKS] KGYKGGYCAKGGE! VCKCY 9T 16 3 :
GFGONGP wmam&mm@mmmmv 17 311c 29 3
GFGCNGPVWE ||\ Y KEGYCARGGE VCKCY ~DYF—18—3—GFGENGPWHEDDIVCHNHCKS
| KGYKGG - féI%GYK&WXﬁE%@CHNH&é? KGYKGBYCAKGERVCKCY
20 3 G GENGRANERDMICHNISKSI HEYKGEYGAKGEEYCKCY DIN:21 3 31 3
G- GCNGPWPEDDMOCHNHCKST KGYKGGBYCAKGGFVCKEY D9P 223
NP R e R A R PR 25 B110 32 3
GFGCNGPV\BEREMYGHINHGK S G KR CAKGRRMEKEY- D9S24 311p 33 3
G:(X:'\IGD\ ALY |i\ \iHr\vh Kr\\'/K%\'/O/_\\ |r/r‘r\|—\vlr\|/r‘\/ \\I ’)l: ')
G GONGP VDN R S R Y ARG VOREY 106 2615 GFGONGRVDS| 3
DDMQCHNHEH S ¥ KoY icAIR ek VS Y s Bl ca@Be bk 3y D11 35 3
GF' GONGPYBEFBIVOCHNHEKSH KEYKEOYCAKEG VEKEY DL 28348 —Spquencs
Mt at i on(EFND @@@WN%&§§¥KHYE9G@W@PV@E<DNQCHNH€KS| KGYKGRCAKGERVCKAY
D11G 29| Frcéide i) | KEHAMNCAKGEFVEKGY D11H| 3053 3
GF GCNGPYBEKDMOCHNHEK SHKGYKGGYCAKGGR VCKGY--D11K--31-3
GM@A@EW@R@W@CDML 32 D311 38 3
11P 33134 39 3
DL1S 343
DI1T 3518¢ 40 3
. 1TV 36 -
E\ADN, “HN KS PTI 1\W 'ﬁﬁlR 41 3
GF GCNGPWBEE EIVDEPINFERSH D11l 38DB1Y 42 3
GFGCNGPYDE z Y DI M 39
GF GONGPIBERDVOG |\||-|r% ) %W %% N 10" IR 43 3
GF GONGPWBERDVIDEHNICKS MGV KBGYCARGEREKCNC DL 1R 41 M33s 44 3
G-GCNGPYDE \ LTIY 42
e e D D e S Y E L S 5 | 3
GEFGCNGPWDEDDMFCENHCKS IKGYKGGYCARGGEFVCKCY 014w 46 3
GFGCNGPWDEDDMGCHNACKSIKGYRKCGYCARGGTVCECY 014G 47 3
GEFGCNGPWDEDDMACHNHICKSTXKCYRKGGYCAKGGFVCKCY Q14H 48 3
GEGCNGPRDEDDMSCHNBCKS IKGYKGGYCARGGRVCKCY 014s 49 3
GFGCNGPWDEDDMYCHNHECKSTIKGYREGYCARGOFVCKCY 014y 50 3
GFGCNGPWDEDDMQUHNLCKSTIKGYRGEYCAKGGFVCKCY H181L, 51 3
GFGCNGPWDEDDMQCENHCKSLEKGYKGEYCAKGGEVCKCY I221L 52 3
GFGCNGPWDEDDMOCHNHCRSVEGYRGGYCAKGGEVCKCY 122V 53 3
GEGCNGPWDEDDMOCHNHCESTKHYKGGYCARCGEVCREY G241 54 3
GEGCNGPWDEDDMOCHNHCKSTEKEYRKGGYCAKGGRVCREY G24¥K 55 3
GFGCNGPWDEDDMOCHNHCKSTRNYKGGYCAKGGEFVCKCY GZ24N 56 3
GEGCNGPWDEDDMQCHNECKS IKGYKGGFCAKGCRVCKCY YZa9F 57 3
GFGCNGPWDEDDMOQCHNHCKSTKGYRKGGRCAKGGEFVOKCY YZ9R 58 3
GFGCNGPWDEDDMQCHNHCESTKGYKGGHCARGGFVCKCY Y290 5¢ 3
GEGCNGPWDEDDMOCENHCKSIKGYRGOYCRKGGRFVCKCY A3IK 60 3
GFGCNGPWDEDDMOCHNHCESIKGYKGGYCNKGGEFVCKCY A3IN 61 3
GFGCNGPWDEDDMQCHNHCKSTRGYKGGYCQKGGFVCKCY A31Q 62 3

DOM



G-GCNGPWDEDDSQCHNHCKSI KGYKGGYCAKGGFVCKCY ML3S 44

3
" GFGCNGPVIDEDDVQCHNHCKSI KGYKGGYCAKGGFVCKCY ML3V 45 3
GFGCNGPVDEDDVECHNHCKSI KGYKGGYCAKGGFVCKCY QLAF 46 3
GFGCNGPWDEDDMGCHNHCKSI KGYKGGYCAKGGFVKCY QL4G 47 3
GFGCNGPWDEDDIVHCHNHCKS| KGYKGGYCAKGGFVCKCY QL4H_48 3
GF GCNGPIDEDDVBCHNHCKSI KGYKGGYCAKGGFVCKCY Q14S 49 SEQ -
GF GCNGPWDEDDIMY CHNHCKSISREYRESSY CAKGGFVCKCY QLAY B‘Gtaﬂon(s) D NO: | Activity
G:(X:NGD I\!_)Emvml_ll\ll f‘I(QI I(("VI((':(‘V(‘I\I/(':(':E\/(‘I/(‘V H18L 51 \_;
@M@M@I@@WH&W&W@W 1221 523%8° 63 3
G- CONGPVARELIMHNHCK VK @/ﬂ%@@/&%%\é%\{f 22V 5338, GFGONGRADEDDMQCHNHICKS
| KHYKGGYCAKGGRVOKCY—G24H 543 G-CENCPAWDEDDMOCHINHCKSIHKKYKEGYCAKBERVEKEY
(24K 55 ONGRYDEBONVOEAKK RSN KNYRGEY CAKGGRYEREY G24N 56 3| 3
GFGCNGPIWDE CKCY, Y29F 57,
GF' GCNGR\ ’T‘HI\M Sl K(‘%AK G%(‘K(‘é Y29R 58 %2 66. 3
GFGCNGP\BEBDIVOTHINICKSINIGYKEBEWEAKGEREKCRCYY 29 W 59G33R 67 3
GFGONGPYDEDDMOCH! BTK 60
G NG N R R R R RS LA B TN 6q O30 68 | 3
GFGCNGP)\DERDVDEHNIHGESIHKGYKBGYCOKGERVEKOCAB1Q 6263429  Sequeifce |Mutati dn(s)
ID O ACtivit EDD SYCTK CKCY A3IT 6373
G GON R R A T VR B haly. 64" 7000 3
GFGONGP\DEBIDNMREHINHEHSINKGYKEEY CAKKERVEKOC 1GB3K 65 V36L 71 3
GFGCNGP PDNVD _VFK/ S KGGYCA} GbolY 60
G:GCI\IGD%% NEHCRST %@%{E %%3 38 a7 Va0 2 3
GFGCNGPV\BEERIMREHNIHGHS NG KEGY CAKGKEMEK QY YGB 4K 68V36T 73 3
G- GCNGPWDE DDMOCHNHCK ST KGYKGGY CAKGRF VCKCY.  GB4R 693
G CONGP VRPN LR R R AR VO X b PG3%<267 | 3
GF GONGPNBEREMREHINTGK S HGEYKGRY CAKGERIEKEE V6L Fbx3p1lc 75 3
GFGCNGPWBEDBMOCHNHEKSHKGYKGGYEAKGGFMEKC Y- VB6M-72 -3 )
GFGCNGP Nﬁ@ﬁm@@\(m@&@cwssﬁ‘5%1 +S21A 76 3
GF GOKGPVWDEDDMOCHNHCKS] KGYRGGYCAKGGEEVCKCY NEK+K26R
GFGCKGP KQ \lsmmewavsff
W 77 3
G oSBT R A M AN G NeSradrerea1ar [e § HosH
G-CCSGPVELLY 54 RORHCK S R KN CAK I VERGY | NOSHLARNL 7S+ 77,63 3
GFGCNGPWGEEDDMRCENHCKSTIRGYKGGYCAKGGFVCRCY DYG+QIARAKZ3R 79 3
GFGCNGPWDGDDMRCENHCKS IRGYRGCEYCARKGGEVCECY F10G+0Q14R 80 3
GFGCNGPWDEGDMOCHNHCKS IKGYKGGYCARGGFVCKCY D11G+K32R 81 3
GFGCNGPWDEGDMQCHSHCKSIKGYKGGYCAKGGEVCKCY D11G+N17S 82 3
GFGCNGPWDEGDMQCHNHCKSVEKGYKGGY CAKGGFVCKCY D1I1G+IZ22V 83 3
GFGCNGPWDENDMQCHNHCKS IKGYRGGYCAKGGFICECY D1IN+VI6T 84 3
GEGCNGPWDERDIQCHNHCRKS IRGYKGGYCAKGGEVCKCY D11R+M13T 35 3
GFGCNGPWDEDDMVCHNHCEKS IKGYRGEYCAKGGEVCKCY 014V+KZ26R 86 3
GRGCNGPWDEDDMRCHNHCKSIKGYRGGYCARKGGEVCRCY 014R+K26R+K38R 87 3
GLOCNGPWDEDDMOCINHCKS IKGYRGGYCAKGGEVCKCY F2L 118 2
GWGCNGPWDEDDMOUHNHCKES IKGYRGGYCARGGFVCKCY F2%W 119 2
GIGCNGPWDEDDMOCHNBCKSIRGYRGGYCARGGEVCRCY F2L 120 2
GFGCLGPWDEDDMOQCHNBCRSIRGYRGGYCARKGGFVCKLY N5L 121 2
GHFGCMGPWDEDDMOCHNHCKSIKGYRGGYCARGGEVCRCY NHM 122 2
GTGCNRPWLEDDMQCHNHCKS IKGYRGGYCARKGGEVCRCY GoR 123 2
GFGCNAPWDEDDMOCHNHCKS IKGYRGGYCARGGEVCKCY GoA 124 2
GFGCNEPWDEDDMOCENHCESIKGYKGGYCARKGGEVCRCY G6eK 125 Z




K23R GFGCNGPRDEDDRQCHNHCKSI KGYKGGYCAKGGFVCKCY WBR+ML3R 78 3
GF GCNGPWGEDDIVRCHNHCKSI- RGYKGGYCAKGGFVCKCY DIGHQLAR+K23R 79 3
GFGCNGPVDGDDIVRCHNHCKS | KGYKGGYCAKGGFVCKCY El OG+QL4R 80 3
GF GCNGPVDEGDMQCHNHCKSI KGYKGGYCARGGFVEKCY D11G+K32R 81 3
GFGCNGPVDEGDIVQCHSHCKSI KGYKGGYCAKGGFVCKCY D11G+Nl 73 82 3

GFGCNGPYADEGDMOCHNHCKSVKGYKGGYCAKGGFVCKCY DI 1G+l 22V 83 3 SEQ B
GF GONGPWDENDMQCHNHCK SISEGYRIZSY CAKGGFI CKCY DLIN+HY8&HoB®) 3 | |\ono. | Activity
GFGCNGPWDERDI-QCHNHCKSH-KGYKGGYCAKGERVCKGY--DELR+ME3 853 :
GF' GCNGP\ABEDINYOHNMEKS HE REVRESYCARGESTVERCY QL4V+K26R 86 B 126 2
GFGCNGW\@E_ VRSO hy SRl §% REGYLAREENCR Y, QLARFKIGRIKIBR 8713, 2
GL GCNGPWA HCKS| ('-‘(“V(‘AI((‘-‘QZ\/{‘I({‘V E2L 118 2
a/\GCNGD/\DEmea@K@[ CVKB ERY W 119 IV 128 2
G GONGP Sﬁﬁ :@:l y %/?%%{ 120
r 2
GFGCLGP G } L 121 E%C GEGCM \}\h%hﬁl\/rT‘Zl—ll\ll—lr‘l(S
| KGYRGGY GAKGEP m@mmmmezmc@@wﬂwmmwmg KGYKEGYEAKGGFVCKCY GBR
123 2 GECONAPYDET wil— 9{5}% FVCRCY (BA 124727 5
GFGCNKP LYCA hK 125 Q0 Seguence. Mutati-gn(s)
| D SEQ 3GFMGWEM@WWWJYKGGYWGGFVO<:YamA 1262 2
GF' GCNGEWPEDDVECHNHCKSERGYREGY CAK 7T 127
GFGONGVIE \WR&@W&% Ty 128 55 133 2
GF GONGP|\GEBDMREHNNESHIGY KEGBY RAKGERMEKEYCDIC 129 20T 134 2
GFGONGPYW-EDDIVECHNHEK SHKEYKEGY CAKGERVEKCY P9t 130@DC e ,
GFGONGPYRE CEVEARGHERCREY-"DOR 131°
GFGCNGP MMW@YWWCMW 132=200 136 2
G-GCCNGPNWBRARPMOCHNHEKSHKGYKGGYCAKGEFVEKE Y- ETOA 1332 5
GFGCNGPYNE %&Eﬁ% CEVEARCHESREREY- E1oL 1341 5" 137
GZGCNGDA@@“BMBN@B&M@XM¥MMCE 0C 135312 138 2
GFGONGPYAD EKSHKEYKEEYEAKEEFYEKEY—FE1HE0-136—2
GF GONGPY R AN PR S RV EAR GRS B DL LA 137157 139 2
G-GCONGP M KEY L ACERMEEN D1 1C 13811 28 140 2
GFGONGP VIOCHNHCOKSHKGYKGSY CAKGERVEKEY-—DE2 P 1392
GFGCNGPWBE RCHRECY RGO M 3A 148157 GFGONGRWDEDDF GEHNHCKS
| KGYKGGY Ghe&dnicrptoMhadiorkd Ak v2ecvearearverey M13G 142 2
GFGCNGPWDEDDLQCHENHCKS IKGYRGGYCARGGEVCKCY M13L 143 2
GFGCNGPWDEDDTQCHNHCRS IRGYKGGYCARGGEFVCEKCY Mi3T 144 2
GFGCNGPWDEDDYQCENHCKSIKGYRGGYCAKGGEVCECY M13Y 145 2z
GFGCNGPWDEDDMACHNHCKSIKGYRGGYCARGGEVCRCY Ql4an 146 2
GFGCNGPWDEDDMCCHNHCEKS IRGYRGGYCARKGGEVCKCY Ql4c 147 2
GFGCNGPWDEDDMICHNHCKS IKGYRGGYCAKGGEFVCRCY Q141 148 2
GEGCNGPWDEDDMRCHNHCRSTKGYRGGYCARGGEFVCKCY 014K 149 2
GFGCNGPWDEDDMMCHNHCKS IKGYRGGYCAKGGEVCKCY Q14M 150 2
GFGCNGPWDEDDMPCHNHCKSIKGYRGGYCARGGFVCKCY Ql4p 151 2
GI'GCNGPWDEBDDMTCHNHCKSTKGYRGGYCAKGGEVCKCY QL4T 152 2
GFGCNGPWDEDDMVCHNECKSIKGYRGGYCARGGFVCRCY Q14v 153 2
GEGCNGPWDEDDMWCHNHBCRSIKGYRGGYCAKGGEVCKCY Q14w 154 2
GFGCNGPWDEDDMQCHNACKSIKGYKGGYCAKGGEVCKLCY Ei8Aa 155 2z
GFGCNGPWDEDDMOCHNFCRSIKGYRGGYCAKGGFVCKCY H18F 156 2
GFGCNGPWDEDDMOCHNQCKSITKGYRGGYCARKGGEFVCKCY H18Q 157 2
GFGCNGPWDEDDMOCHNTCRS TRGYRGGYCAKGGEVCRCY H18T 158 2
GFGCNGPWDEDDMOCENVCKS IRGYREGGYCAKGGEVCKCY H18V 159 2




G-GCNGPWDEDDGQCHNHCKS | KGYKGGYCAKGGFVCKCY ML3G 142 2
G-GCNGPWDEDDL QCHNHCKSI KGYKGGYCAKGGFVCKCY ML3L- 143 2
GFGCNGPWDEDDT QCHNHCKSI KGYKGGYCAKGGFVCKCY ML3T 144 2
GFGCNGPWDEDDYQCHNHCKS| KGYKGGYCAKGGFVEKCY ML3Y 145 2
G-GCNGPWDEDDVACHNHCKSI KGYKGGYCAKGGFVCKCY Q14A 146 2

GFGCNGPWDEDDMCCHNHCKSI KGYKGGYCAKGGRVCKCY QL4C 147 2 SEQ N

GFGCNGPWDEDDM CHNHCKSISIEGYRISEY CAKGGFVCKCY Qa1 Matgtion(s) ID NO: | Activity

GFGCNGPWDEDDMVKCHNHCKSHKGYKGGY.CAKGER VCKCY— 01 4K-149-2

GFGCNGP NECYKESYCANCISFYEKENCYQLAM 158268 16C 2

G-GONGPVIRELLY M%%Nﬁ%ﬁ%}’&% ShVGKEY-QLAP 15%22%4 161 2

GFGCNGPMDEDDMT CHNHCKSI KGYKGGYCAK: AT 1522

GF' GCCNG&P RKSVRGBYCARSHRVERCY Q14V 153D 162 2

T N R AL

GFGONGPIABE R AR Y T 8, 15673 B B

GFGCNGPV\BESIVDOH N CRSINK CYKBE YK CERVEKCC YHL 8F 15624 164 2

GFGCN ) Q15 GFGONGPYIDE] CKS

| KGYKGQAY: W%% Nﬁg&}%g@ﬁ M%\ nmmé-ﬁ\ CKS K(‘Y(-)(T:{‘-‘.Y(‘AK \CKCY

H18V 159 GPG@UEPWWQ@MCMMEKMCSHGGE@CSEQ NO  Aczdwi ty 166 2

GFGCN Y/ P0Q 16

GFGCNGP E%ﬁ M 22M 1gﬁ‘ﬁz 167 2

@&N@mﬁmmmﬁ@&smm@@m@&am@m D2T 16222 168 2

GFGCN DEDDVOCHNHCKSYKGYRGGY CAK —vu'\ Y J./AVV 16

G CONGPNE VAR e 2 168 | 2

@@V@%@WN&EM%YWW@CYGMP 1662485 179 2

GFGCN APEDBENVECHNHEK S YKGEYCAKGEEVEKEY G24F J.6622 171 5

GF GONGPVBE PPN R R VR O R TR e i opal 16528

G- CCONGPVBERRIVRGNDCKSINE QYA E Y KAKCRIMEKERE Y24 Q 16824 172 2

GFGCNGP) ICKSHKRYKGGYCAKCERYEKEY—GR4R—169—2——CREENGPWPEDBIVECHNHICKS

| KSYKGGYEA @&?ﬁ%*%“@ﬁ&ﬁﬁ% DDVOCHKHEKSI KTYK CKCY

@4T 171 cReoddofdaNGR ShKEKERYCAKGERVEKGY G4Y| 1724 2 2

GF GCNGPMPEDBMOCHNHEKS—HKGHKEGYCAKGERVEKEY--¥2 5 H173—2—GFEENGPY IHCKS

| KG(KGGY@RWWW@RKSW@LI?GGYW DDI\/Q:I—IKF—@(SI KGL KGEYCAKGGRVCKGY

Y25L 176 cRoonabidaNoR RRREM 4 NKGGEVEKGY Y25M 1766 2 5
GIFGCNGPWDEDDMQCHNHCKS IKGNKGGYCAKGGEVCKCY YZ5N 177 2
GFGCNGPWDEDDMQCHNHCKS IKGOKGGYCAKGGEVCKCY Y250 178 2
GFGCNGPWDEDDMQUHNHCKS IKGSKGGYCAKGGEFVCRCY Y2585 179 2
GFGCNGPWDEDDMOCHNHCKSIRGVRGEYCARGGEVCKCY Y25V 180 2
GFGCNGPWDEDDMOCHNHCRSIXKGYFGGYCAKGGFVCKCY KZ6F 181 2
GFGCNGPWDEDDMOCHNHCKSIKGYHGGYCARGGEFVCKCY K26H 182 2
GFGCNGPWDEDDMOCHNHCKS IKGYTGGEYCAKGGEVCKCY K26T 183 2
GFGCNGPWDEDDMOCHNHCKS IXKGYRGGACARGGEVCKCY Y207 1.84 7
GHGCNGPWDEDDMOCHNHCRSTRGYRGGHCARGGEVCRCY Y29H 185 2
GEGCNGPWDEDDMQCHNHCRSTRKGYRGGLCARGGEVCRCY YZ29L 186 2
GFGCNGPWDEDDMQCHNHCKSIKGYKGGMCARGGEVCKCY Y29M 187 2
GFGCNGPWDEDDMQCHNHCKS IKGYRGGSCAKGGEVCKCY Y298 188 2
GFGCNGPWDEDDMQOCHNHCKSIRKGYKGGYCERGGREVCKCY A31lE 189 2
GFGCNGPWDEDDMOCHNHCKS IKGYRKGGY CHREGGEVCKCY A31H 180 2
GEGCNGPWDREDDMOCHNACKSTRKGYRGGYCTIKGGEVCKCY A31T 191 Z
GFGCNGPWDEDDMOCHNHCEKSIKGYRGGYCRKGGEEFVCKCY A31R 192 2
GFGCNGFWDEDDMQCHNHCKSIKGYKGGYCSKGGEVCRCY 2318 193 2




G-GCNGPWDEDDMQCHNHCKSI KGNKGGYCAKGGEVCKCY Y25N 177 2

GF-GCNGPWDEDDMQCHNHCKSI KGQKGGYCAKGGFVCKCY Y25Q 178 2

G-GCNGPWDEDDMQCHNHCKS| KGSKGGYCAKGGFVCKCY Y25S 179 2 '
GFGCNGPVDEDDMQCHNHCKSI KGVKGGYCAKGGF\WEXKCY Y25V 180 2 GFGCNGPWDEDDMQCHNHCKS

| KGYFGGYCAKGGFVCKCY K26F 181 2  GFGCNGPWDEDDMOCHNHCKSI KGYHGGYCAKGGFVCKCY
K26H 18P 2 GFGCNGPVWDEDDMQCHNHCKSI KGYTGGYCAKGGFVCKCY K26T| 18802 -
G:GCNGDJ\DEDDMII—INHCKSISQ@MBQACAKGGZVCKCY YR9A Weiption(s) D NO: | Activity
PQH 185 2
GM@MWNH@KQWWW@WCWML 1863 194 2
GFGCNGP Y2OM 1
G NP A R R R G R e hos. 16857 195 | 2
GFGCNGPV\BEBDVDEHNHEKSNHGYKBGYBRRGER:WEKRY A31E 18927 196 2
GFGCNGPWIED! | S ; STH 19
GFGCNGPINSEDDMQC R R T R R AB11 1015 o7 &
@M@mwmm&mmmmmwmm 19233 198 2
GFGCNGPWA o 31TS 19 527 SEq
Mut at i o ‘?j‘g %\ﬁﬁc i &%&%@W OVOCHNECKS] YRR UK CEOKC
A31V 194G2ec@mm@mﬁmm&mwmoamvcmv K32R| 1950 2 2
GFGCNGPWDEDDIV :1\1|-|u'\oN CGYRGGYCAT —vu'\ Y. |'\34T J.an" 201 -
GF GONGPVPEDIVCEE RS 3E 10735
@GOV@ME&W@&NWM@(MW@MGBBN 19832 202 2
GF GCNGPIBEDEMOCHNHEK SHKGYKEGY CAKSERVEKEY 6835199
GF GONGPVBEBIC MRS ERTAREAF1ohaT 20625 203 2
GF GONGPVBERRNMIZN DK S KO KEEY CAKGHRVEIKENC YGBAH 20F324 204 2
GF GONGPBEBBMOCHNHEKSHKGYKGOYCAKGAF VEKEY—CR4W-202—2
GFGCNGPWBE REVKEEYEAREEARCREF FB5A 20532 205 2
GFGONGPITBERIMGHNHCK RIS Ao, F35H 204512 206 2
G:(XJ\IG:)ABEDDN%_{N'_{G(SI }(G\/I/f“f‘\/f‘l\l/f“f“l \If"l/f‘\/ I‘)SI nn L
GM@MEWWWWWYHSM 20825 207 2
G-GONGP S KAV LASMGKER POV 20438y 208 2
GF GCNGPWDEDDMOCHNHEK SHKGYKGGYCAKGOW/EKEY-—FB5W-268—2
GF GCNGPVBE BN S GV REBEYEAREEFFERENLVE6 1 205361 209 2
G- CONGPNREELMA MK S Y KR YA SRR AECVBOK 21036« 210 2
GFGCNGPWDEDDMQCINHCKSIKGYKGGYCAKGGEFQUKCY V360 211 2
GEGCNGPWDEDDMQCINHCKSIKGYKGGYCAKGGEFRCKCY V36R 212 2
GFGCNGPWDEDDMQCHNHCKS TKGYRGGYCARGGEFVCHCY r38H 213 2
GFGUNGPWDEDDMOCHNHCKSTRGYRGGYCARGGEVCNCY K38N 214 2
GEFGCNGPWDEDDMQCHNHCRSTKGYRGGYCARKGGEVCRCY K38R 215 2
GFGCNGPWDEDDMQCHNHCRSTKGYRGGYCAKGGEFVCKCT Y40T 216 2
GFGCNGPWLEDDMOCHNHCKSTKGYNGGYCAKGGEVCECY DY9L+E26N 217 2
GEPGCNGPWDELDIQCHNHCKS ITKGYRGGYCARKGGFVCKCY DI1L4M13T 218 2
GFGUNGPWDEDDROQCHNHCES IKGYRGGEFCARKGGEVCKCY M13R+Y29F 219 2
GFGCNGPWDEDDMRCHNHCEKSIRGYRGGYCARGGEVCKCY QlAR+KZ3R+KZ6R 220 2
GFGCNGPWDEDDMRCHNHCRS IXKGYKGGYCAKGGFVCKCY QL4R+K20R 221 z2
GPGCNGPWRDEDDMSCHNHCKS IKGYKGGYCAKGGEVCRCY Q148+K38R 222 2
GFGCNGPWDEDDMQCHSHCKS IRGYRGGYCARGGEVCRCY N175+K23R 223 2
GFGCNGPWDEDDMQCHNHCKS IKGYRGGFCARGGEVCECY Y29F+K32R 224 2
GFGCNGPWDEDDMOCHNHCKSTRGYRGGYCARGRKEVCECY K3IZR+G34K 225 2

Table 2. Antimicrobial activity data from the yeast screening assay.




G-GCNGPWDEDDMQCHNHCKSI KGYKGGYCAKGGFQCKCY V36Q 211
GFGENGPWDEDDMQCHNHCKSI KGYKGGYCAKGGFRCKCY V36R 212
G-GCNGPWDEDDMQCHNHCKSI KGYKGGYCAKGGEFVCHCY. K38H213
GFGCNGPVDEDDMQCHNHCKSI KGYKGGYCAKGGFVENCY K38N 214
G-GCNGPWDEDDMQCHNHCKSI KGYKGGYCAKGGFVCRCY K38R 215
G-GCONGPRRBMINIRCSNHCKSI KGYKGGYCAKGGFVCKCT Y401 21.6 2
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expr esssiogin dbr treenma Sl narooaly, & ovedaitiahéo tiedidtemod ajoead to grow for 12-16 hours
at 37 degrees Celsius. Finally, visual inspection of the host cells capable of reducing the
25 proliferation of the target cells is performed and the nucleotide sequence encoding for the
antimicrobial peptide is recovered from the host cells. DNA sequence analysis of the variants
is obtained to elucidate the nature of the peptide.
As mentioned above, the TAPS screening can also be performed using liquid medium.
This procedure requires the use of robotics to analyze large number of clones. In this system,
30 the host E. coli origami cells are transformed with the plasmid library and plated out on LB
medium + 0.2% giucoserampicillin (200 mg/L). Independent colonies are then inoculated into
96 or 384-well plates containing 200 pL of TB medium + ampicillin (200 mg/L) and cultured
overnight at 37 degrees Celsius. These cultures are then replicated robotically and grown to
exponential phase until inducer (0.1% arabinose) is added to trigger pepiide synthesis. The
35 next step consists in hydrolyzing the cells such that the peplide is released to the media by hot
acid hydrolysis. This treatment consists on adding 1 M sodium Phosphate buffer pH 2.3 to
obtain a final pH approximately of 2.3 and incubating the cultures overnight at 80 degrees
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exhi bi t r ' Vi I STy id ified. [ Measyrenegnts of
the di ape EI%C?&E#D%@Q%N%S?Q&K\& &é’AK\% \I?CeK%gE‘l formed To quantify the potehcy
of the aﬂmﬁQWGEOHMEMNammEv&vmcmﬂm@h@mmemt|des. Tee antinlcrighial activyity
(agai nst ssted tastnyvariants ich
was neas %E%g 8 Sl ﬁq QC%%ECF&%%§§</AK%G§&%§5W1 LN tg%?e 3. _The Sgontl mi_ct abi al
10 acti vcszt@yzmemmesmmdscﬁsmx@hﬁcmtmcmczone Si zewmd has| bemn ¢l assified
as 4 > B > % %Hng mﬁ:gea>K4 Ea bqtte%:th % anu mn|ULyJe LthILg
correspﬁﬁf’g t o Pt PP EH TS IS TOREE T D SEQ NOP Heti vit ontir ol
GFGCNGPWBED@M@GHNH@KSHh¢&9ﬂ@3§ﬁ6&&ﬁﬁEﬁﬁ&ﬁY M IdtypE7ﬂ 1 93 4
; 94 2
GFGCNGPW@E@@ﬁﬁﬁhNﬁ@ﬁﬁk&ﬁ%&ﬁﬁ&@é&ﬁﬁﬁ&ﬁ%@!Y 3K 90N37R 95 2
GFGCNGP H 4914
GF GCNGPVIBEEEREEERIEIK ST KEPREEVEAKEEEFOEY ' QL4R 92747 %6 3
GFGCNGPWDEDDMOCHNHCRS IKGYKGGYCARKGGEVCKCY KZ20R 97 2
GFGCNGPWDEDDMQCHNHCKS IKGYRGGYCAKGGFVCKCY KZ26R S8 3
GFGCNGPWDEDDMOCHNHCKS IKGYKGGYCAKGGFVCKC YR Y40YR 99 2
GFGCYGPWDEDDMLCHNHCRKS TRGYRGGYCARGGFVCRCY N5Y+014T, 100 2
GFGCNGPWDEGDMQCHNHCKS IKGYRGGYCAKGGFVCKCY D11G+K26R 101 2
GFGCNGPWDEGDREQCHNHICKS IKGYRGGYCARKGGEVCRKCY D11LG+ML3K+K26R 102 3
GFGCNGPWDEDDKQCHRHCKS TKGYKGGYCAKGGFVCKCYR | M13K+N17R+Y40YR 103 3
GFGCNGPWDEDDMQCHRHCKS IKGYRKGGYCAKGGEFVCKCYR N17R+Y40YR 104 3
GFGCNGPWDENDMOCHNHCKFIKGYRGGYCAKGGEVCKCY DL1N+S21F 105 4
GFGCNGPWDEDDKQUHRHCKS TKGYKGGYCAKGGFVCKCY M13K+N17R 106 3
GFGCNGPWDEDDKQCHNHCKS IKGYKGGYCAKGAFVCKCYR M13K+Y40YR 107 4
GFGCNGPWDEDDEQCHNHCKSIKGYRGGYCAKGGFVCKCY M13K+KZ26R 108 4




GFGCNGPVDEDDMQCHHHCKSI KGYKGGYCAKGGFVCKCY N] . 7H 93 4
G-GCNGPWDEDDMCI - | | HCKSI KGYKGGYCAKGGFVCKCY N171 94 2
GFGCNGPWDEDDMQCHRHCKSI KGYKGGYCAKGGFVCKCY N17R 95 2
GFGCNGPVWDEDDMQCHYHCKSI KGYKGGYCAKGGFVEKCY N17Y 96 3
G-GCNGPWDEDDMOCHNHCRSI KGYKGGYCAKGGFVCKCY K20R 97 2

GFGCNGPY\DEDDMQCBNHCKSI KGYRGGYCAKGGFVCKCY K26R 98 3 SEQ N
GFGONGP /\DEDDI\/[X:HNHCKSIS@VR@?YCAKGG:VCKCYR 40 YN utagion(s) D NO: | Activity
GFGCYGPV\DEDDM.-CHENHCKS KCGYCAKGCHE N VJ.Q‘I/II 1002
GFGCN@/@E@WEMH@@NWWW@WD] 1CMKIBR3AD1 2| 109 4
GFGCNGPV@& %@%w eMERGY BT 7 GEMLIKE KRR 11024 8 4
GFGONGPYDEDDKQCHRHCKS VKV CAKCEEVIOKCYR MUBKENT 7 REYAOYR] 1033
GFGONGP ’B@E@E’%@Hg%ﬁ%&%%%%&%‘é& INI7REFYUOYR F04| 311, A
GFGCNGPYWDENDMOCHNHCKFI KGYKGGYCAKGGF VCKCY D11N+S2HER105 4
GF CONCPVBEK AR S KRR AR Mo Yr MLSKNA TR M6 3| 132 3
GF GONGPADEBBKOCHNHEKSHKGYKGGYCAKGR A M- 3K+YAOYR 107
@MG@E@BR@HNP@@NHWWWWWY 3KRHEEREE 08 4 $eduencet
Mit ati o 1&?&@%&%@&%@%&&&&&%@%@% | KGYKGYCAKGG-VERCY
ML3K+K38R-109 4 G=GONGPADEGCDMOCHNHCK ST KGYRGSYCAKGGFVOKEYR- D11 GHK26 R+ Y40 YR
110 4  CROCNGPVABE CBKEHNHICK S HORDYRGEY (K VCKEVERBRIGHMLBKFRO6R 121 4

YR 112 3

Y40YR

EoRtARE

CYR QLARFY40

b NCRR{R WL B daty
GFGCNGPWDEDDVRCHNHCKSI KGYKGGYCAKGGEI CKCY QL4R+V36

113 4

GFGCNGPWDEDDIVRCHNHCKS | KGYRGGYCAKGGFVCKCY QL4R+K26R 114 4

GF' GCNGPWDEDDMQCHNHCKFI KGYKGGYCTKGGFVCKCY S21F+A31T 115 2 Table 3.
Antimcrobial activity data fromthe TAPS assay. EXAMPLE 4 5 Eval uation of
antim cESBMILBREti vity Plectasin wildtype (SEQ ID NO1) and five variants

of Rl ec@glbgtﬂodWiaﬁhm&m@Cﬁmroved acti vi ty in the TAPS rret hod and/or in

t he yeast system Were expressed and purif The M n| Inhl
Concentrat i %WC@W@’“W %QAIQSNQ&) @F%fh%tﬂarﬂ%““t g‘ﬁ!eqt%q.m,t dﬁ‘ﬂwf%épal

activi tﬁctf\ﬁ%#/ |@‘6hé‘9‘APBernm%nﬁ¥6rdﬁ|thé‘?§as(t bt@h@@er@@ﬁpﬂe@é&f th)rpﬁnfﬁidal‘m@r ds
Institute; fornerl known as. _Nati onal mmnttee i ni cal

Labor at dHyima HWMPB’S&O“WEW%W’@S HEHBMEHaS Ha*@””aiﬂﬁd ﬁ‘l’ é"t,sﬁ i trt?e\/éai“?'%?f‘?f' Digad

i mpr ovedcity ifMiching SeMPRCES! gliRielinds! (@iiyiBg dHdeICibasdtoy Stgdared IrnstiaRy lfoeasgus
aur eus, M crococcus, luteus and Bacillus subti l% antl on(s) SEQ M C
aganst kKigwn ay et wpemides RsCinies! kel Laborgioped@ iadeht eus B. subtilis

The results showed that all plectasin variants had improved activity, compared o

wildtype plectasin, against Stapylococcus aureus, Micrococcus luteus and Bacillus sublilis.

Mutation(s) SEQ MIC against MIC against MIC against
[D NO: S. aureus M. luteus B. subtilis
wildtype 1 8 32 1
M13X+Y40YR 167 2 2 0.25
D11G+K26R 101 2 8 0.50
Q14K+KZ26R 116 2 1 0.13
DI1GH+K26R+Y40YR 110 0.50 0.25 0.06
D11G+MI3K+KZ6R-+ 111 0.50 0.50 <0.03
Y40YR

Table 4. MIC values; all values are pg/mL.
15

EXAMPLES

Evaluation of antimicrobial activity




wildtype 1 8 32 1 ML3K+Y40YR 107 2 2 0.25 D11G+K26R 101 2 8 0.50
QLAK+K26R 116 2 1 0.13 D11G+K26R+Y40YR 110 0.50 0.25 0.06 Dl1IG+ML3K+K26R+
111 0.50 0.50 <0.03 Y40YR Table 4. MC val ues; all values are pg/niL. 15
EXAMPLE 5 Eval uation of antimicrobiafé-activity 56. Plectasin wldtype (SEQ
ID NO 1) and several variants of Plectasin were expressed and purified. The
M nimal | nhleictasirwi@thae(ﬂlElQaltD NE:1) MnQseviersl deiaaisf isbtasin werst eXpuessed @nd

i . ' : |
and Lab8idiedh Ml oSt RV Sobfupiot Svi) okls, BERenEH, & Toet (o PoFE,
for di ahtimicrcmmﬂ acabtyr adilowing e MNEGHST glsic)lefin@he’rqmeﬁhﬁe(ﬁlmi@alean@sha@dreﬁxgm nst
t he fol S 1

St aphy! SEHERGs IR oxtesy S BRYL. & Rt HbArTe R RIALS dnd Faromion,
10 B Slsmdyardsmccus aur eus, MRSA ST5 (2001) multi-resistant clinical

human i sol a é@@{eﬁ%}% Fé@?ed%@afﬁg{ th@?t%lfo%g’sltr%ﬁgmr k; E: Staphyl ococcus

aur eus, I -Tesrs inical hurran isolate from
St atensASe?ta,thamtmswureiEeAhTﬁCIQ%lE, All M C val ues represent an average of

two i ndependent experinent results in Table 5 are expressed
relativ 'té(}a’%yﬁod:f)ﬁ Pt %gp§%8%> 100% of Plectasin wildtype MC  1:

80 100%cofstRbgedcastus atirdudl WPECMOC37; 2: 50-80% of Pl ectasin wildtype MC; 20
<5000 ctasin w | dt tio
cyBe ool e St M e e Rl R e )
N5R- FlVll3Y*S‘tﬂtél?e 23AindIndtitdt, @eﬁmaEPBS+Q14K+V36L 227
E: Staphylococcus aureus, MRSA ST80 (2003), muiti-resistant clinical human isolate from

Statens Serum Institut, Denmark.

15 All MIC values represent an average of two independent experiments; and all results in
Table 5 are expressed relative to wildtype Plectasin:

¢: > 100% of Plectasin wildtype MIC;

1: 80-100% of Plectasin wildtype MIC;

2: 50-80% of Plectasin wildlype MIC,;
3

20 ;< 50% of Plectasin wildtype MIC.

Mutation(s) SEQID A B Cc D E
NO:
wildtype 1 1 1 1 1 1
(8 pg/mL) | (22 po/ml) | (4 pg/mb) | (15 pg/mb) | {22 pg/mi)

NSRHMI3Y+N1TR 226 3 3 3 3 3

DIS+Q14AK+V36L 227 3 3 3 3 3

NSS+HMLIWHNLTR 228 3 nd 3 3 3

Q14R+K26R+K38R 87 3 3 3 3 3

DIG+QL4R+K23R 79 3 a 3 3 3

M13G+N17R+G33A 229 3 3 3 3 3

N55+D9S+M13L+Q14R+ 230 3 3 3 3 3

N17V+A31S

D9S+Q14T+K26R 231 3 3 3 3

N5S+DIA+K26R 232 3 3 3 3

QLAR+K2CR 227 3 3 3 3 3




N5S+ML3WHNL7R 228 3 nd 3 3 3 QL4R+K26R+K38R 87 3 3 3 3 3 DIG+QLAR+K23R 79
3 33 33 M3GNL7R FG33A 229 3 3 3 3 3 N53+D9S+ML3L+Ql4R+ 230 3 3 3 3 3

N17V+A31S DI9S+QL4L+K26R 231 3 3 3 3 3 N5S+DOA+K26R 232 3 3 3 3 3
Mitationfs) SEQIDA B c 0 E NO N5G+ML3L 233

QL4R+K20R 221 3 3 3 3 3 57

2 3333 DOA+K38BR 234 3 3 3 3 3 D11G+tK32R 81 1 3.3 2 3 QI4F 46 1 nd 3 2
3 NSR+ML3V Zo:a ﬁoﬁ& 323 g@%MBYANl?K 239 3 |3 33 2| QL4K+KA6R 16 B 2 3
3 3 MBF+Q14K+K26R %37 3 ngN@S 3 ML3K+K38R 109 1 3 3|2 3
NSA+DO SEML3L+N17T-238-0-3-3-2-3  N17¥ 96 11..3--3--2-2—M3F+QH4K+K26R- 2391 1 3
320 DPS 24 ESBH‘@@ nd N17R385 nd 2 3 3 23Ql4R 92 2 B3 33 0 3
N58+Q14-<+|\|ua+ 7713133 nd [N6BR3 1T 2 212 TTGFK26RF¥Y40YR_1101 3 3
3 3 nd N5S+Q14 a+k23R 7634 3 2 3 0 M3t +0n4K- Bk26R 24D 3 ind 3 3 nd
DON+ML3 -FQ14]ﬁ1%4%3§R3 333 Q9A+Q14I=||+K26R+ 6L |24243 3|3 3 3 3
QLAR+K23R+K26R-.220..3..3-3-3 -3 N5S+09S+MLBV+=N17R 2433 31-3-3-3—NGD9S+ML3L +
244 3 3:/3 3 3 Ql4F 46 1 nel 3 2 3
N3R+M13V 235 3 nd 3 2 3
N5G+M13Y+N17K 236 3 3 3 3 2
QLAK+EKZ6R 116 3 2 3 3 3
ML3F+Q14K+K26R 237 3 nd 3 3 3
M13K+K38R 109 1 3 3 2 3
NSA+DO9S+MI3L+NL7T 238 0 3 3 2 3
N17Y o6 1 3 3 2 2
M13T+QL14K+K26R 239 1 3 3 2 0
D9s 24 2 3 3 2 nd
N17R 95 nd 3 3 3 2
Ql4R 92 2 3 3 3 0
N5S+QLAR+NT7TS+K23R 77 1 3 3 3 nd
N5R 3 1 2 2 2 2
D11G+KZ6R+Y40YR 110 3 3 3 3 nd
NSSHO14R+S21A+KZ3R 76 1 3 2 2 0
M13L+Q1l4K+K26R 240 3 nd 3 3 nd
DON+ML3L+Q14R 241 3 3 3 3 3
DOA+QLA4HIK26R+V36L 2472 3 3 3 3 3
QLAR+K23R+K26R 220 3 3 3 3 3
N5S4DOSHMI3VINITR 243 3 3 3 3 3
NSE+D9S-+M13L+ 244 3 3 3 3 3
NL7Q+A31T
M13V+N17T 245 nd 3 3 3 3
D9S+ML3L+Q1 4K 246 3 3 3 3 3
D9S+Q14L 247 3 nd 3 3 3
DON+QTAHIKBZER 248 3 3 3 3 2
MI3Y+QL4EK+K2 6R 249 2 3 3 3 3
DL1N 40 2 3 2 2 3




N17Q+A31T ML3V+NL7T 245 nd 3 3 3 3 DOS+ML31, +Ql4H 246 3 3 3 3 3 DIO9S+QL4L
247 3 nd 3 3 3 DON+QL4H+K38R 248 3 3 3 3 2 ML3Y+QL4K+K26R 2492 3 3 3 3
DLIN 40 2 3 2 2 3 .58 Mitation(s) SEQIDA B CDE NO N5S+D9S 250 0 3 3
.23 R4R 169 1 2 nd 2 2 NoGHQI4K 288 2 2 3 0 2 N5K+K26R 74 1 2 3 2 2 -
Table 5. Relative M C values; nd = not determ ned. EXAMPLE 6 5 Eval uation
of antim CrObMﬁkatﬂ) Z‘é vity A‘S'Eﬁl%e nurger |of %nti m cieobi al pgptildesgof the
i nventi on were test J agai pstyes panel  of ifferent strains of

St aphyl gcoccus aureus |isted el oW Staphyl ococcus aureuys, ATCC29213 MSSA,

NCCLS r ef er encessinodi n; St aphipl ococdus gur eBs, ATC325923, MBSA, NGCLS

O=2-0-=2

r ef ereng¢e—strarn 16 otdplyiULUL,u> aureusTATEC29737, TIVBSA;
St aphyl ococcus §6fBus, E33D »35169\BBA; st af hyI%coccusr‘%ure=us,2698-01;2 VRSA
ST5, Strn, Kanys@Xgik St aphyl %%QCCJS ajireys, 566-03, JMRSA ST§0, |Oxa, Tet,
Fus, Kan...15.S._aureus._E33 S._l.aureus GQR 0] nd_S.___3 e

avai |l ablle froms8tazéns Sef un‘f’d nstitut, Dennark.; The st phyiaococm 2wer e

exposed ot owng t ol attons—32-16— 842107 5;
0 58 o TEE ) Rele G g B T ol B e LS e o pur 11 ed. HPLC
gquantified and the concentrated peptides (>160 pg/nm) were diluted to 160
pg/ mL in peptide dilution buffer (0.1 % 20 BSA, 0.01% Acetic Acid). The
M C determ nati on was done essentially as described by NCCLS / CLSI

gui del | EXAMRISE ig caM-I B. The M Cs were read after 18-24 hours of 37C

i ncybati d I with the CFU in the table below A total
nunb%gr ALy fr%%%cq ol tides of the invention were evaluated in
dupI i cate 2Hamgaiunter bhentibridralsitigraptitiesefrtibe ingetiosovdrd bsbtabapadnist bpatiblef 6
ey o | t%f% rerlt EﬁaxggHP&%,OHIJ%coc%&ﬁrgﬂ'ﬁst&gg’e@w the MCvaried < 2 fold. An

aver age

Staphylococcus aureus, ATCC29213, MSSA, NCCLS reference strain;
Staphylococcus aureus, ATCC25923, MSSA, NCCLS reference strain;
10 Staphylococcus aureus, ATCC29737, MSSA;
Staphylococcus aureus, E33235, MSSA,;
Staphylococcus aureus, 698-01, MRSA ST5, tr, Kan, Oxa;
Staphylococcus aureus, 566-03, MRSA ST&0, Oxa, Tet, Fus, Kan.
15 S. aureus E33235, S. aureus 698-01 and S. aureus 566-03 are available from Statens

Serum Institut, Denmark.

The staphylococci were exposed {o the following peptide concentrations: 32;16; 8; 4, 2;
1; 0.5; 0.25; 0.13; 0.6; and 0.03 pg/mL. All peptides were purified, HPLC quantified and the
concentrated peptides (>160 pg/mi.) were diluted to 160 pg/mL in peptide dilution buffer (0.1%

20 BSA, 0.01% Acetic Acid).

The MIC determination was done essentially as described by NCCLS / CLSI guidelines
using caMHB. The MICs were read after 18-24 hours of 37°C incubations and recorded along
with the CFU in the table below.

A total number of 95 antimicrobial peptides of the invention were evaluated in duplicate

25 against the ¢ bacterial strains described above.

tn the majority of the double determinations (83%), the MIC varied < 2 fold. An average

MIC is tabulated below. If the MIC was above 32 pyg/mi, a value of 64 was used to calculate

the average.

Mutation(s) SEQID NO: Average MIC
(ug/mL)




M C is tabul ated bel ow.
used to cal cul ate

t he average.

| f fhe M C was above 32 pg/nL, a val ue of-64 was
Mutation(s) SE.Q ID NO Average MC

(pg/ M) 59 Mutation(s) SEQ ID NO Average MC (pg/nL) N5R+ML3Y+NLl7R 226 1

DON+ML3L+QL4R 241 1 DOS+QLAK+V36L 287 1 DIA+QLAH+K26R+V36L 242 1
DOG+QLAR+K23R 79 2 QLAR+K23R+K26R 220 2 ML3GHN17R+G33A 229 2

N5S+DIS+ML3V+NL7R 6 S+ML3WHN1 1B B 712
NSS+DOS+ML3L+QL4R+ ‘ﬁl@%} E&@Tg 230 2 DBS+%%§L+I&§1 ST%Q ﬁ%@A—l-KZGR 232 3
NSG+DOSEML3L +N17Q+A31T 244 3 MI3V+NLZT 245 3 nQC+MnQFi‘ 246 3 DI9S+Q14L
247 3 Cﬁ4R+K20Rﬁ22&M3Y+NBG&NI3L 2334 D&ﬁ%KSBR 234 4 DAN+QLAHEK38R 248 4
N17R 95q4——Mt3R+HIAKFK2E6R 2525 — M3 Y+QHAK+K26R 2495 D11 G1-K3 2 R 81 5
QL4 F -F--- 46 SPANMIRERRMIBY 235 5 | QL4R ¥ 5 N5G+ML3Y+NL7K 236 5
QLAR-1-IK2 6R 114p85,014r+v3sL 227 1
DIA+QLAH+K26R+V36L 242 1
DIGHQI4R+K23R 79 2
Q14R+K23R+K26R 220 2
M13GHNTTR+G33A 229 2
N55+DOS+MI3V+NLTR 243 2
N5S+HM13W+NT 7R 228 2
QLl4R+K26R+K38R 87 2
N5S+D9S+ML3L+Q14R+N1ITV+A3LS 230 2
DOS+Q14L+K2 6R 231 3
N5S+DIA+K26R 232 3
NSG+D9IS+MI3TANLI7Q+A31T 244 3
M13V+NLTT 245 3
DY9S+M13L+Q14H 246 3
D9S+Q147. 247 3
Q14R+K20R 221 3
N5G+M13L 233 4
D2A+K3BR 234 4
DON+QL4H+K38R 248 4
N17R 95 4
M13R+Q14K+K26R 252 5
M13Y+Q1L4K+K26R 249 5
DI1G+K32R 81 5
QAR 46 5
N5R+M13V 235 5
QL4R 92 5
NSGHMI3Y+NLTK 236 5
Q14R+KZ6R 114 5
MI3F+Q14K+KZ26R 237 6




Nﬂ3F+Q&4K+K26R 237 6 60 Miutation(s) SEQ I D NG AMerage MC (pg/nL)
ML3K+K38R 109 6 D11N 40 6 -N5S+DOS 250 6 Ql4K+K26R 116 6
NSA+DOS+ML3L+NL7T 238 6 N17Y 96°6 NL7K+K32R 253 7 ML3T+QL4K+K26R 239 7

7 D9S 24 7 ML3K+N17R+Y40YR 403 8 N5S+QL4R+N17S+K23R 77 8 N5R 3'8
&4R 169 8 D11G+K26R+Y40YR 110 9 N58+Q14R+821A+K23R 76 9 N5G+HML3W 254 9

D9K 14

\A:FGR 74 9
N17S 257 10

QL4V+K26R

ASTN 61l 0. W3R 430 RBEINeSL 256 9| MISRRAY 100 ﬁ;&bgg
N17K 25811 S21N 2590 11 D11G+K26R 10 xonr+v
86 12 WO 2006/1315@$KP€$BEP2006/062834 61109
DLIN 40 6
N55+D9S 250 6
Q14K+K26R 116 6
N5A+DIS+M13T+N17T 238 6
N17Y 96 6
N17K+K32R 253 7
MI13T+QLAK+K26R 239 7
D9K 14 7
DYs 24 7
M13K+N17R+Y40YR 103 8
N53+Q1l4R+N17S+K23R 77 8
N5R 3 8
G24R 169 8
D11G+K26R+Y40YR 110 9
N5S+Q14R+S21A+K23R 76 8
N5G+M1 3W 254 9
N5G+Q14K 251 9
M13A+Q14K+K26R 255 9
M13T4+014K+K26R 240 9
N5K+K2 6R 74 9
A31N 61 <)
M13R 43 9
NSK+M1 31 256 9
MI13K+K26R 108 10
NSGHMI3WHNLTS 257 10
N17K 258 11
S21N 259 11
D11G+HK2 6R 101 11
K26C+Y40YRCG 260 11
QLAVHKZ6R 86 12




Mut ation(s) SEQ ID NO Average M C (pg/ni)
NSH+M 3E+NL7E 261 12 N5K 88 12 N17F 262 12 D | GtML3K+K26R+Y40YR 111 12
QL4L 91 ¥B020Mpi1¢59pbe 1 14 N171 94 14 N17S 263 14 ° N17SEKAFROPRGI884
NSG+DIA+QL43+K23T+A31T 264 14 N17A 965 15 K2 6R 98 15 MIL3S+QL4K+K26R 266
15 D1IGEN171 267 16  N5S+ML3V+NL7T 268 16 NSDHDOS+QL4R 269 16 D11G+l 22V

83 17
13 21

ML3T 14

ML3K+Y40YR 107 12 ML3K 90 12

S21A 270 17Mu%%i§@+125|? 271 18 N5§E%\ﬁ N17A %K%rég‘-’e mil4G 47 18 DOG
N17T 273 21 _ 9 21 N5G e M p ’\i%, EZ%\ll %4 26
M13K+Y40YR 107 Y
M13K 90 12
NSH4+MI3E+NLTE 261 12
N5K 88 12
N17F 262 12
D11G+M13K+K26R+Y40YR 111 12
0141 91 13
Wildtype 1 14
N17T 94 14
N1785 263 14
N17S+K23R 223 14
N5G+D9A+Q145+K23T+A3LT 264 14
N17A 285 15
K26R 98 15
M13S+Q14K+K26R 266 15
D11G+N171 267 16
N5S+ML3V+NLTT 268 16
N5D+DIS+Q14R 289 16
D11G+I22V 83 17
S21A 270 17
N17R+Y25R 271 18
N53+M13V+N17A 272 18
014G 47 18
D9G 13 21
N17T 273 21
Qi4s 49 21
N5SG 6 24
N5S 7 24
M135 44 24
$21V 274 26
M13T 144 26




NSA 8 29 DOV 25 30 Table 6. Average M C values. EXAMPLE 7 5 Using the HW
files fromthe PFAM dat abase-to .identify a defensin Sequence anal ysi s- usi ng
hi dden markov nodel profiles (HW profiles) may be carri-ed out either "
‘ontine on the Internet or locally on%a conputer usi ng the wel | -known HWER
freely available software package. The current version is HMWER 2.3.2 from
Cct ober | 2003. The MM\Q B'h )il es may be okkdy padol r oM iR agd Mdknown PFAM

dat abasg. The current version is|PFAM 16 0O from Noy § 2004. Bot h
HMIVER a ble for-all conputer pl:: f-or-ps—from-e-
Washi ngton University3plm St. Louis (USA), Sdhool of |VEdI ébne
(http:/ fpfamwrstteduy_and http:77Fhmrer - wis{ - edu) ueryam no acid
sequencg, or a frag t hereof, bel pngs to“one of the fggl ow n five PFAM
fam |ies, the am no agjd sequence is|a defemsin acgordinggto the present

i nventi gn.—15.Defensin-beta-or."Beta-Defensin’ —accession-npunber:
PF00711;Tabip&: @H%’?ﬁeml‘aﬁéb'e%r "Def ensin propept| de", accession number :
PF0O0879; Defensin 1 or "Manmalian defensin”, accession nunber: PF00323;
Defensin_2 or "Arthropod defensin", accessi on’ nunber PF01097;

Gamma-t hionin or "Ganma-thionins famly", accession nunber: PF00304. 20 An
am no agixhapegugnce belongs to a PFAMfanm |y, according to the present

i nvention, |f it enerates anE—vaI ue WhICh is greater than 0.1, and a
scoffe whising the HMM Higs fram the 7 iplahasg fo id &Q@gﬁ’IQEAM dat abase is used

online, or % lnbﬁceeana%’ef@m pﬁ.@@éramla%rlcrna,dénerdﬂré\ﬂﬁmqfr@meé)an@asg@aﬁbedl s

used | ocal l V\hen t sequence analysis is carrjed out |ocally usi ng\_ﬁt he
hmpf arrPHtr%ié\eéﬁ’f'“ﬁetoﬂ the Iaerrreéee@alrwortaceﬁpareﬁueaamﬂ walkrknawie HMWER EEY| es

fromt haveﬂéﬁMm{@ agéﬂtrnercefrerht%r@ﬂ isHMIER mgrroﬁmtbuer 2@@3 | s hmm f or
gl ocal searches xxx_fs.hmm for | ocal searches XXX nme of

the famly). Tha (kM Ragfdes may deapbtained ERMpther welsnomgy rgwr Cr&rt%'ﬂseaﬁbr cagent

Menfyl ONQeksioAbg e AM W%S(ﬁfri)r%nN@\Fé?ﬁHér ER0ARRoPEHMEER iandiPFAN @rd YavaiRibld @rnd
(appended) into a sin using a text editor - the profijles

3
are Ascppmpwreéebatfpwaﬁt g@’&ﬁ éOWéSh'aa@a Liﬁ!\gef&‘»' e eisi-AYVA &Hﬁf-\h Scivel 9‘p Mefig8eaci d

sequenC@fgﬁybférth{pgd@ymj HEd: S8R wastngdhhe fol ovm ng command |ine: hmmpfam
-EO ensi n. hmm sequence-file 63 wherein "se uenceflégm@aflle

with the qugr@q%ﬁﬁﬁ“%?ﬁd%ﬂ‘é@?@eoﬁ%fréﬂﬁ'eﬁtffh?r?é" 9RgE 40 g aVBY t he

HWER s@{d peAR fBafk3dRe ahind 1R S&RERC 18 o RITERIN &fcoRfitiplo th® pAeeM itkbrdipa: and
the E-value is greater than 0.1 the query 5 amno acid sequence is a

defénsi n Betansin_hefaop” Bq’reDﬁFeéeentacmﬁﬁmm@wer PFO0711;
s Defensin_propep or “Defensin propeptide”, accession number: PF00879,

D

o Defensin_1 or “Mammalian defensin”, accession number: PF00323;
e Defensin_2 or “Arthropod defensin®, accession number: PFO1097,;
» Gamma-thionin or “Gamma-thionins family”, accession number: PF00304.

20 An amino acid sequence belongs to a PFAM family, according to the present invention, if
it generates an E-value which is greater than 0.1, and a score which is larger or equal to zero,
when the PFAM database is used online, or when the hmmpfam program (from the HMMER
software package) is used locally.

When the sequence analysis is carried out locally using the hmmpfam program, it is

25 necessary to obtain (download) the HMM profiles from the PFAM database. Two profiles exist
for each family; xxx_ls.hmm for glocal searches, and xcor_fs.hmm for local searches ("xxx” is
the name of the family). That makes a total of ten profiles for the five families mentioned
above.

These ten profiles may be used individually, or joined (appended) into a single profile

30 (using a text editor - the profiles are ASCII files) that could be named e.g. defensin.hmm. A
query amino acid sequence can then be evaluated by using the following command line:

hmmpfam -E 0.1 defensin.hmm sequence_file



The PFAM dat abase is further described in Bateman et al. (2004) "The Pfam
Protein 'Fam lies Database", Nucleic Acids Research, Vol. 32 (Database

| ssue) pp. D138-D141. 64 CLAIMS 1. A polypeptide having anti m crobi al
activity, which conpri-ses an amino aéld sequence which has at |east 90%
identity with the am no acid sequence of anyone of SEQID NO3 to SEQID 5
NG 117 or anyone of SEQ ID NO 226 to SEQ | D NO 251 or anyone of SEQ ID

aci os. 1O ety BER ] et iy B 420 spARHLbAT gy ol foindR! "0

conpr i sescagnizadbn theddMtiERespiitevaoepadkagd has at Ieast 90% identity with the

of 520 1 D N OSEATS erd b RfeBloy st ol Bk e St et A 01, OMERR 7O

conpr i sestimnacidrsemeace i sdjersit acontdinghtolbs prsentdaentiond% i dentity with the

am no acid n Q! A7

SEQ I D NO 23@8%8%{653%%2@%%? §§S%/%%a W'OP%E% Sy e s@@“ﬁgy‘%%ﬁzez
15 4. Themieksysgtasde Notler! Aida aesemuhcﬁolcazrmatsimedm@mpnd)‘a'ﬁ Fdi4kquence
whi ch has at |east 95% identity with the am no acid sequence of anyone of
SEQ ID NO 3 to SEQ I D NG 117 or anyone of SEQ ID NGO 226 to SEQ I D NO 251.
20 5. The pol ypeptide of claiml, which conprises the am no acid sequence
of anyone of SEQID NO 3 to SEQ ID NGO 117 or anyone of SEQ ID NO 226 to
SEQ I D NO 251 or anyone of SEQ ID NGO 252 to SEQ ID NO 262. 6. The

pol ypeptide of claim1, which conprises the am no acid sequence of anyone
of SEQID 25 NO 3 to SEQ ID NO 117 or anyone of SEQ ID NO 226 to SEQ ID
NG 251. 7. The polypeptide of claim1l1, which consists of the am no acid
sequence of anyone of SEQID NO 3 to SEQ ID NO 117 or anyone of SEQ ID
NG 226 to SEQ I D NGO 251 or anyone of SEQ ID NO 252 to SEQ ID NO 262. 30 8.
The pol ypeptide of claim1l, which consists of the amno acid sequence of
anyone of SEQID NGO 3 to SEQ ID NGO 117 or anyone of SEQ I D NGO 226 to SEQ
| D NO 251. 9. A polynucl eotide conprising a nucl eotide sequence which
encodes the pol ypeptide of any of 35 clains 1-8. 65 10. A nucleic acid
construct conprising the polynucleotide of claim9 operably |Iinked to one
or nore control sequences that direct the production of the polypeptide in
an expression host. 5 11. A reconbi nant expression vector conprising the
nucl eic acid construct of claim210. 12. A reconbinant host cell conprising
the nucleic acid construct of claim10. 13. A nethod for producing the

pol ypeptide of any of clainms 1-8 conprising (a) cultivating the



10 reconbi nant host cell of claim10 under conditions conducive for
production of the polypeptide; and (b) recovering the polypeptide. 14. A
transgenic plant, plant part or plant cell, which has been transforned with
a polynucl eotide encoding the polypepiide of any of clains 1-8. 15 15. A
conposition conprising an antim crobial polypeptide as defined in any of
clainms 1-8. 16. An in vitro nethod for killing or inhibiting growh of

m cr ob} Mgl | s conprising contacting the microbial cells with an

antim crobral polypeptide as defined in any of clains 1-8. 20 17. An

antim crobial polypeptide as defined in any of clainms 1-8 for use as a
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2. The polypeptide of claim 1, which comprises an amino acid sequence which has at least 90%
identity with the amino acid sequence of anyone of SEQ ID NO:3 to SEQ ID NO:117 or anyone
10 of SEQ ID NO:226 to SEQ [D NO:251.

3. The polypeptide of claim 1, which comprises an amino acid sequence which has at [east 95%
identity with the amino acid sequence of anyone of SEQ ID NO:3 to SEQ ID NO:117 or anyone
of SEQ ID NO:226 to SEQ 1D NO:251 or anyone of SEQ ID N0O:252 to SEQ ID NO:262.

15
4. The polypeptide of claim 1, which comprises an amino acid sequence which has at least 95%
identity with the amino acid sequence of anyone of SEQ ID NO:3 to SEQ ID NO:117 or anyone
of SEQ ID NO:226 to SEQ ID NO:251.

20 5. The polypeptide of claim 1, which comprises the amino acid sequence of anyone of SEQ ID
NO:3 to SEQ ID NO:117 or anyone of SEQ 1D NO:226 to SEQ ID NO:251 or anyone of SEQ ID
NG:252 to SEQ 1D NO:262.

6. The polypeptide of claim 1, which comprises the amino acid sequence of anyone of SEQ ID
25  NO:3to SEQ ID NO:117 or anyone of SEQ 1D NO:226 to SEQ ID NO:251.

7. The polypeptide of claim 1, which consists of the amino acid sequence of anyone of SEQ ID
NO:3 to SEQ ID NO:117 or anyone of SEQ 1D NO:226 to SEQ ID NO:251 or anyone of SEQ ID
NO:252 to SEQ ID NO:262.

8. The polypeptide of claim 1, which consists of the amino acid sequence of anyone of SEQ ID
NO:3 to SEQ ID NO:117 or anyone of SEQ ID NO:226 to SEQ 1D NO:251.

9. A polynucleotide comprising a nucleotide sequence which encodes the polypeptide of any of

35 claims 1-8.
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10. A nucleic acid construct comprising the polynucleotide of claim 9 operably linked to one or

more control sequences that direct the production of the polypeptide in an expression host.

11. A recombinant expression vector comprising the nucleic acid construct of claim 10,

12. A recombinant host cell comprising the nucleic acid construct of claim 10.

13. A method for producing the polypeptide of any of claims 1-8 comprising (a) cultivating the
recombinant host cell of claim 10 under conditions conducive for production of the polypeptide;

and (b) recovering the polypeptide.

14. A transgenic plant, plant part or plant cell, which has been transformed with a polynucleotide

encoding the polypeptide of any of claims 1-8.

15. A composition comprising an antimicrobial polypeptide as defined in any of claims 1-8.

16. An in vifro method for killing or inhibiting growth of microbial cells comprising contacting the

microbial cells with an antimicrobial polypeptide as defined in any of claims 1-8.

17. An antimicrobial polypeptide as defined in any of claims 1-8 for use as a medicament, or an

antimicrobial veterinarian or human therapeutic or prophylactic agent.

18. Use of an antimicrobial polypeptide as defined in any of claims 1-8 in the preparation of a
veterinarian or human therapeutic agent for the treatment of a microbial infection or for

prophylactic use.

19. Use of at least one antimicrobial polypeptide as defined in any of claims 1-8 in animal feed.



